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PREFACE 

In compiling this book the object of the authors has been 
to place before the reader a considerable amount of practical 
information relating to the construction, operation and main- 
tenance of electric railways as they exist to-day in this coun- 
try. This information they have largely gathered from the 
columns of the Street Railway Journaly and from their per- 
sonal experience in the various departments of the steam and 
electric railway transportation business. Theory, except occa- 
sionally in its simpler form, has been avoided with the hope 
that the book will prove of interest to the greatest number of 
the workers in the railway field. An endeavor has been made 
to bring this book up-to-date as far as possible and to describe 
the methods of conducting the work of the different depart- 
ments as practiced by many of the most advanced roads. The 
apparatus employed is explained and illustrated with care, and 
all that which has become obsolete has been omitted. 

It has not been the intention to advocate certain methods of 
management, operation or the handling of apparatus, but 
rather to describe such as have been adopted with success in 
different localities, with the view that a choice may be presented 
to the reader in search of information. It is fully under- 
stood that local conditions differ widely and methods well 
adapted to one road may not be the most desirable for an- 
other. No railway oflBcer can be expected to agree with every- 
thing contained in the book, but it is believed that in some 
places he may pick out a new idea which if adopted will prove 
advantageous in his own case. 

Many of the methods employed in steam railway operation 
are frequently referred to. As the development of the electric 
railway has progressed, a decided tendency towards the adop- 
tion of steam railway practice in a modified form to suit the dif- 
ference in equipment and operation is noticeable. Those who 
are responsible for this development now realize that the sixty 
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iv PREFACE 

years' experience of the steam railway men furnishes many 
examples of what is best to do and what not to do. 

While a considerable number of subjects have been covered, 
the field is so broad that it is impossible to include everything 
in one book even if touched upon so lightly as is some of the 
matter included. 

« 

The thanks of the authors are due to the many members of 
the railway fraternity who kindly lent their assistance in sup- 
plying data and statistics which have greatly added to the 

value of the book. 

Albert B. Herrick, 

Edward C. Boynton, 
New York, June 1, 1906. 
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AMERICAN ELECTRIC RAILWAY 

PRACTICE 

CHAPTER I 
PRETiTMTNABY ESTIMATES 

Probable Earnings 

Electric Railways are built to supply transportation be- 
tween centers of a population large enough to justify the 
building and running of a railroad to supply facilities for local 
passenger, express, mail or freight business. The data from 
which the earning capacity of any proposed road can be ap- 
proximated are largely drawn from those of similar roads oper- 
ating in different parts of the country. The different states 
show considerable variation in regard to that transient traffic 
upon which the electric railway depends for its revenue. 

In estimating the traffic carried by city roads, which are 
confined within municipal limits, a basis for comparison can 
be very easily secured. The principal factors affecting traffic 
on these roads are the distribution of population relative to 
the center or business portion, the density of population, and 
the character of the business or manufacturing industries, with 
their locations. Ohio is a representative state so far as city 
traffic is concerned and statistics from certain of its cities are 
given below. The earnings from the four largest cities in the 
state vary from |12.54 per capita to |10.87. The high figures 
secured in Cleveland and Cincinnati are due largely to the ex- 
tent of their manufacturing industries, and to the considerable 
areas over which the cities are built. The earning capacity 
per mile of track is larger in Cleveland, which is the largest 
manufacturing city in Ohio. 

Considering now the smaller cities in Ohio, Dayton is served 
by three roads, and the earnings per mile of track are directlj- 
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proportional to the population of the manufacturing districts 
which each serves. The Lorain Street Railway is another 
which depends largely upon the transportation of mechanics 
to and from their work. This class of revenue is very desirable, 
as it is continuous, and is independent of weather and other 
conditions, which seriously affect shopping and pleasure traffic. 
It is very doubtful whether a city electric line, when sub- 

Table I 

TABLE SHOWING EARNINGS OF OHIO CITY RAILWAYS 



Cities 
over 100,000 Popalation. 



Cleveland 

Cinciunati 

Columbus 

Toledo 

Under 100,000 Population. 
Dayton People's Ry. Co. . 
Day ton-Oak wood St. Ry. 
Dayton City Railway Co 
Dayton total and averages 

Springfield 

Mansfield 

Lorain Street Railway 





Total 


Popalation. 


Track 




Mileage. 


881,768 


286 


325,902 


217 


127,926 


106 


181,822 


110 


85.888 


81 


85.888 


8 


85,833 


28.75 




67.75 


88.258 


28.6 


25,475 


21. 


26.656 


11.6 



ToUI 

Earninss 

1904. 



$4,544,868 
8,543.626 
1.444,315 
1,653,220 

298,158 
125,494 
423,804 
847.556 
203,107 
139,437 
95,868 



Bamlnge 

per 
Capita. 



$11.90 
10.87 
11.12 
12.54 

8.49 
1.47 
4.93 
9.93 
5.81 
5.47 
8.58 



Per 

Mile of 
Track. 



$19,258 
16,880 
13.625 
15.029 

9.617 

15.688 

14.744 

18,849 

7,102 

6,639 

8,264 



Table II 

TABLE SHOWING EARNINGS OF CITY RAILWAYS IN NEW YORK STATE 



Brooklyn 

Buffalo 

Albany and Troy 

Rochester 

Syracuse 



Population 
1900. 


Total 

Track 

Mileage. 


1.166,582 
352.387 
154,802 
133,896 

88,143 


558 
856 

85 
151 

72 



Total 


Earnings 


Earnings 


per 


1904. 


Capita. 


$16,598,530 


$14.81 


4.012.489 


11.39 


1,704,742 


11.01 


1,499,719 


11.20 


889,373 


9.52 



Per 
Mile of 
Track. 



$29,737 

11.290 

20,055 

9,932 

11,657 



ject to the usual paving ordinances, and with the present cost 
of construction, can be made profitable if its gross receipts are 
less than $4,000 per mile. 

As the fixed charges against the operation of any railway 
property constitute a considerable proportion of the total cost 
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of operation, it may be very difficult for short roads, under 
the usual traffic conditions found in small cities and towns, to 
make a fair showing. This results in the endeavor to increase 
business by suburban and interurban extensions of the road. 
In the case of interurban railways it is difficult to estimate 
the probable traffic, and it is therefore necessary to analyze 
the various conditions and collect all the obtainable data. 
Unfortunately the census reports on population, outside of 
cities and towns, are given by townships, and do not indicate 
the inhabitants directly affected by a proposed interurban road. 

Table III 

EARNINGS OF OHIO INTERURBAN RAILWAYS 



Lake Shore 
Electric 

C 1 eve land 
Southwestern 

Western Ohio.. 

Columbus.Lon- 
don & Spring- 
field 

C o lu mbus, 
Buckeye Lake 
& Newark. .. 

Dayton & West- 
ern 

Maumee Valley 
Ry.&Lgt Co. 

Tiffin. Fostoria 
& Eastern 



Population. 



Exclaslve 

of 
Terminal. 



101.806 

78,809 
71,819 



60,764 

25,894 

84,081 

8.823 

28.619 



Inclnsive 

of 
Terminal. 



615.892 

460,677 
116.728 



176,880 

151,454 

119.414 

140,645 

48,722 



Miles 

of 
Track. 
Inter- 
urban. 



145 

184 
88.5 



52 

89 
80 
20.2 

17 



City 
&In- 
ter- 
ur- 
ban. 



160 



Total 
Earnings. 



$610,075 

447,082 
204,806 



157,200 

191,504 
106.293 

71,881 
49,087 



Eamines per 
Capita. 



Excla- 
slve of 
Termi- 
nal. 



15.99 

5.67 
2.85 



8.09 

7.89 
8.12 
8.09 
245 



Incln- 
sive of 
Termi- 
nal. 



$ 99 

.97 
1.75 



.88 

1.26 
.89 
.43 

1.12 



Per 

Mile of 
Track. 



$3,812 

3,336 
2.453 



3,023 

4,910 
3,543 
3,533 

2.886 



Data shonld be obtained by actual count of the people living in 
the area 1 or IJ miles each side of the proposed route. This, 
with the population of the terminal towns or cities, and of the 
incorporated villages within this zone, will give approximately 
the total population affected. Another way to arrive at a 
rough approximation of the rural population is to assume that 
the number given by the United States Census for any given 
township is uniformly distributed over the township, and that 
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the population in the area included in the strip 2 or 3 miles 
wide, the center of which is the railway route, bears the same 
ratio -to the total area of the township, as the population 
affected is to the total population of the township. It is a 
debatable question as to what effect the population of large 
terminal cities has on the earning capacity of the road enter- 
ing these cities. The above table gives data, on population 
and traffic, of Ohio, both inclusive and exclusive of terminal 
population, from which an idea can be formed. On account 
of the lower cost of construction per mile, gross receipts of 
f 3,000 per mile of track is about the minimum when fair earn- 
ings can be expected. 

Competition with Steam Roads 

The following table shows the falling off in local traffic of the 
Lake Shore and the "Nickel Plate" roads and the enormous 
gain of the trolley roads between the same points. 

Table IV 

liAKE SHORE AND MICHIGAN SOUTHERN RAILROAD: PASSENGERS 

CARRIED BETWEEN CLEVELAND AND OBERLIN AND INTERMEDIATE 

POINTS 

Average per 
Westbound. Bastboand. Total. Month. 

1896 104.426 98,588 303,014 16.918 

1902 46,328 45,483 91,761 7,647 

Table V 

LAKE SHORE AND MICHIGAN SOUTHERN RAILROAD: PASSENGERS 
CARRIED BETWEEN CLEVELAND AND PAINESVILLE AND INTER- 
MEDIATE POINTS 

Average per 
Weetbonnd. Bastboand. Total. Month. 

1895 97.460 101.832 199,292 16,608 

1902 13,106 15,602 28,708 2,392 

Table VI 

NEW YORK, CHICAGO AND ST. LOUIS RAILROAD : PASSENGERS CARRIED 

BETWEEN CLEVELAND AND LORAIN ) 

Total Passengers. Receipts. Average Receipts. 

1895 42,526 $25,523 60c. 

1902 9.795 4.379 44c. 



I 
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In 1902 the trolley road between Cleveland and Lorain car- 
ried over 3,000,000 passengers. 

Between Ann Arbor and Detroit the local traffic of the Mich- 
igan Central was about 200 passengers per day before the open- 
ing of the electric railway between those points. During its 
first summer the electric road (The Detroit, Ypsilanti, Ann 
Arbor and Jackson) averaged approximately 4,000 passengers 
per day, between the same cities. 

Between New Britain and Hartford, Conn., a distance of 9 
miles, prior to 1897 the steam road service consisted of eight 
trains each way per day, and the fare charged was 22 cents one 
way. The average number of passengers per day was nearly 
400. 

In the above year the New York, New Haven & Hartford 
Railroad, which controlled the steam road mentioned, equipped 
one of the tracks with the third rail and put on a heavy high 
speed service running half-hourly for eighteen hours, making 
thirty-six trains each way per day. The time was a little 
faster than the steam service, being eighteen minutes for the 
nine miles, with two stops. The fare was cut to 10 cents one 
way. The traffic after the first few weeks settled at about 
2,000 passengers per day for the first year, and has steadily 
increased ever since. This was simply due to the improved 
service and reduced fare as there was no competition at the 
time the road was opened. 

Interurban Railway Location 

The lighter types of interurban roads are usually built along 
the side of the highway and coincide with it in grade. The 
location is such that vehicles are seldom compelled to encroach 
upon the track and the use of T-rails above ground is possible. 
High speed is rarely attained on these roads due to the neces- 
sary grades and curvatures encountered. The heavy inter- 
urban roads are nearly always built on a private right of way, 
except when they pass through towns, and this class of con- 
struction will be chiefly discussed. 

On the "man behind the transit" or the locating engineer, 
much depends. Railroad location is an art acquired only by 
years of exx)erience, and the engineer should know that inter- 
urban railway location is always a compromise between the 
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Bteam railroad and the street railway. However, the heavj', 
high speed interurban roads are now located with almost the 
same care as to grades and alignment as are the steam roads, 
and their track construction is fully as good as the average 
steam road. An old railroad adage says the prime requisite 
in good road construction is drainage, and the next is better 
drainage. An engineer who locates a sag or hollow between 
two opposite grades in a cut, either cannot avoid it or does 
not know what drainage means. Too often we are apt to see 
a new interurban road opened for traffic with the rails and ties 
practically laid on the sub-grade, and no ballast worthy of the 
name. Electric interurban roads are not the only ones built 
in this way. Not a few steam roads, especially west of the 
Mississippi River, are built with the rails laid on the prairie, 
and in the spring of the year when the frost comes out of the 
ground, and the track heaves, railroading is anything but 
pleasant, as "the train only hits the high spots." But this 
latter condition in the case of these steam roads is often 
obligatory, for ballast is hard to find and is expensive, so bal- 
lasting is postponed until the road earns it. 

Wellington says regarding steam road location that, "The 
locating engineer has but one end in view to justify his exist- 
ence as such, to get the most value for a dollar which nature 
permits ; and but one failure to fear, that he will not do so." 
This remark is equally true of the electric railway. 

It is in the location of the route that we have principally to 
bear in mind the conditions in the road under construction 
which will affect the earning capacity when it comes to be 
operated. An electric railway can be broadly considered a 
factory for transportation. Serious errors have been made in 
the past because of the casual way in which such roads are 
usually laid out. A pencil line on a map, usually a geological 
survey map, is often taken for the basis of the route of a road, 
without proper consideration of the engineering and com- 
mercial side of the question. These latter considerations have 
an enormous effect upon the operation and earning capacity 
of the property during its life. In many cases after a road 
has been in operation for some time, further capital has been 
required to make changes, which careful location and engineer- 
ing in the first instance would have rendered unnecessary. 
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Curves and steep grades which could have been obviated by a 
small increase in first cost, have been allowed through the 
parsimony or ignorance of the locating engineer. 

A number of roads could be mentioned which have gone into 
the hands of a receiver from causes that arose through careless- 
ness or ignorance in the original location of the road, by which, 
unnecessary hazards in operation, increased depreciation and 
unnecessary power consumption were caused. Immediate local 
conditions in the preliminary engineering had been given too 
great a bearing, and the future of the property, the vital point 
in the construction of the road, was forgotten. 

The following faults are among the principal ones a locating 
engineer should avoid where possible: 

Locating curves at the foot of grades. 

Locating curves where approaching cars are not visible to 
each other. 

Locating curves and turnouts at the approach to bridges. 

The use of unlocked facing point switches. 

Crossing a highway oftener than is absolutely necessary. 

It is good policy to pay an abutting property owner his price, 
and save it in the future damage account. 

Changing grades too violently. (Use easy vertical curves.) 

Attempting to plan a high speed railway on a highway. 

There is no excuse, however plausible, which can be accepted 
as an apology for poor engineering. If the property is not 
sufficiently capitalized to produce a good paying railroad, it is 
better to shorten the road, or economize in those forms of con- 
struction which can be improved while the road is in operation, 
rather than make vital errors in its location. The electric rail- 
way to-day is passing through the same evolution with regard 
to construction and maintenance as was experienced by the 
steam road. 

Preliminary Surveys 

The preliminary reconnoissance and choice of various pos- 
sible routes, both in regard to future traffic and cost of construc- 
tion, requires experience, but if one has good judgment and an 
accurate eye the art is readily acquired. The topographical 
features of the country that lies between the terminal points 
have to be considered in connection with the character of soil. 
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the slope of the land, direction of water courses and their area 
of drainage, as well as the deflections of route decided on to 
increase traffic. These physical conditions should be consid- 
ered in all of their aspects. 

The tools needed are: An accurate sighting level, which 
should be looked through with one eye while the other takes in 
the natural conditions of the points on the same level with the 
point of observation ; a pocket compass, and all the maps that 
give information in regard to the country through which the 
road is to be located; assistants who ai*e familiar with the 
country are a great help in getting a mental picture of the 
area through which the line wnll run. 

There is only one route which is the best in each case and 
careful reconnoitering of the country, without having the mind 
biased by any preconceived preferred route, will approximately 
locate the best route over which the final surveys will pass. 
The mind should not be misled into forming hasty judgments. 
A highway looks much more attractive than ground covered 
with brush or timber; but the surface appearance should not 
influence the engineer : the best line to sub-grade is the problem 
that should be before his mind always. The results of a recon- 
noissance should appear in notes, the index for such notes being 
the station numbers on the maps, and the line laid down on the 
maps with reference figures corresponding to these locations. 
Experience should be sufficient to enable the engineer to give 
figures for the cost of cutting and filling, the span of bridges 
and their cost, so that the approximate cost can be given of 
different sections of the road generally in mile lengths, in his 
preliminary report. Experience will also lead the engineer 
to allow for his personal equation in computing these costs; 
but the whole question is a matter of good judgment and an 
accurate conception of the relative values to be dealt with. It 
is best to have the approximate costs made out as the party 
advances, so that the local physical conditions are under review 
while the costs are being computed. A careful reconnoissance 
should find among all possible routes, one route for which the 
permanent survey should be made, or possibly two, for the final 
location of the road. 

In the case of roads following highways the preliminary 
survey has only to deal with the selection of the proper side of 
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the highway, whether the road can follow the grades of the high- 
way without profitably cutting and filling; whether tangentH 
cannot be preferably made rather than following a sinuous 
highway ; whether cuts through private right of way cannot be 
made from one point of the highway to another in order to 
avoid curves and to reduce both length and the cost of the road. 
Also along what streets it shall enter the terminals, as well as 
the general physical condition of the highway, the character 
of embankments against which the road has to be built, the 
foundation conditions and the length of spans for bridges. 

The Location of City Linbs 

In locating a street railway there are many matters which 
should be given careful attention before deciding on the route. 
The streets selected should be the main thoroughfares, and 
such streets leading into them as seem to promise the most 
traffic. The geography of every city is different, but in general, 
lines connecting the business and manufacturing districts with 
the residential sections are always wanted. Numerous ex- 
amples are to be found where the city road has built lines lead- 
ing toward uninhabited sections near the outskirts of the city, 
and in a short time the section becomes well populated. The 
obtaining of a franchise for a right of way through the streets 
selected is frequently a game of politics, and it is often neces- 
sary to make the best compromise possible as regards what 
streets the railway shall be permitted to use. 

The questions which are to be next decided are chiefly en- 
gineering problems and pertain to the location and character 
of the track. On what streets to lay double track ; and when 
single track is used, where to locate turnouts, are questions 
which require a careful study of the probable traflSc, both at 
the start and far into the future. An estimate of probable 
future traffic is little more than a guess, with only the experi- 
ence of other cities as a guide, but it involves the future 
maximum schedule and the size and number of cars. 

The track center distance for double track is very important, 
as it determines the width of the cars and the clearance be- 
tween them. Single truck cars require less clearance, both on 
tangents and curves, than double truck cars. The latter, being 
mounted on swinging bolsters, have been known to strike when 
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passing at comparatively high speed on straight track, when 
the clearance was ample for single trucks. The clearance used 
in different cities varies, as can be seen in Fig. 81 in the section 
on "Proper Types of Cars," which gives track centers, widths 
of cars, and clearances used in several of our largest cities. In 
general there are two clearances, a narrow one of about 12 
inches, so that a person cannot stand safely between passing 
ears, and a wide one of 18 inches or more which enables a per- 
son to so stand between the cars. Any clearance between 12 
and 18 inches might prove hazardous and add to the damage 
or accident account. 

To determine track centers, add the clearance, or distance be- 
tween cars, to the greatest width of the car body. Subtracting 
the gauge of the track from the track center distance will gjve 
the width of the "devil strip" or distance between tracks, meas- 
ured from the gauge lines. Particular attention should be 
given to track centers on curves, if it is desired to pass cars at 
such points, and the problem should be carefully laid out on 
paper with reference to both single and double truck cars. If 
overhead bridges are encountered the headroom should be care- 
fully determined with reference to the cars it is proposed to 
run beneath them. 

In turning into narrow streets the short radius curves should 
be laid out in such a manner that the car body will clear the 
sidewalk and all obstacles such as trees, poles, etc. 



CHAPTER II 
FIELD EirOINEEBIira FOB XNTEBUBBAir BOADS 

Permanent Locations 

When the road has been located by reconnoissance, and the 
best route selected, or at doubtful points trial lines mapped 
out, the survey is undertaken. This survey is based on the 
preliminary notes, aided by topographical maps showing the 
general elevations and physical conditions adjacent to the 
route selected. It should be borne in mind, when questions 
arise involving construction costs, that the outlay for survey- 
ing is a very small proportion of the total cost of construction. 
No labor or pains should therefore be spared in making these 
surveys, and when in doubt, mapping out and running trial 
lines. Otherwise natural features may be overlooked, which, 
if taken advantage of, would materially reduce the final cost of 
<;onstruction. 

The results of these surveys should be accurately embodied 
in maps, exhibiting clearly in detail the topographical features, 
and the location of the levels, which may be either taken as the 
sub-grade or the base of the rail. In level-country work the 
base of the rail is generally taken, but where cuts and fills are 
required the sub-grade is used for this purpose. From these 
surveys the calculations of earth-work are made. Sections 
fihould be drawn showing the natural contour of the earth, — 
the distance between these sections being dependent upon the 
irregularity of the ground. The cross-section of the depth of 
cut, or fill, should be detailed, at every point along the cross-sec- 
tion where the surface slope changes rapidly. The* mapping 
should begin immediately with the adjustment of the first 
tangent; the scale of 1 inch to 100 feet is generally selected 
where the conditions are normal, but 1 inch to 50 feet is often 
used where the engineering features are diflBcult, as when the 
line is to pass through thickly populated districts, or where 
•complicated adjacent land lines occur. 

11 
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To aid in the completeness of these maps for the purpose of 
estimating costs, symbols or colors are used to designate the 
character of obstructions on the surface of the ground, and 
also to indicate the character of the soil, and the probable 
character of the subsoil, where surface indications give a clue. 
Another set of maps of wider scope should also be drawn up to 
cover the same sections. These must be marked either with 
initial letters or designatinjg numbers, so that the same sections 
on the two different sets of maps can be identified. These 
latter maps should include such structural features as appear 
along the right of way, the allowed encroachments of abut- 
ments or other structures, the property lines, fence lines, 
private and public roads and steam road crossings. This land 
map generally covers a territory from 100 feet to 600 feet each 
side of the right of way. The land maps should be made on 
durable white paper, preferably backed with linen. All these 
maps should be of uniform size, so that they can be bound, 
paged and indexed for ready reference, as the field work pro- 
gresses. One of the principal values of such maps is the aid 
they afford to the real estate agent in securing the right of way, 
enablipg him to compare them with the abstracts of deeds of 
the property abutting on the right of way. They should corre- 
spond to the county, city and tax maps through which the right 
of way passes. 

The structural maps will derive much of the information 
from the land maps, but will add further details of the struc- 
ture and physical features along the right of way, the loca- 
tions of the tracks, the position of all side monuments, stations 
and benches, bridge abutments and locations, culverts, build- 
ings and fences. North should be plainly marked by the con- 
ventional arrow on each map. The ends of tangents, the radii 
of curves connecting tangents, and of the transitional curves 
used to enter from the tangent to the curve should be indicated. 
In some cases the curve is given in degrees of deflection for a 
100-foot chord, but the radius of the curve is generally given in 
electric railway work. The profile line of the completed road 
sub-grade is also laid out. A very complete map can be made on 
one sheet, the physical map passing through the center, the 
profile at the bottom of the sheet, and the cross-sections of 
cuts and fills, length of spans of bridge, culverts and location 
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of bridge abutments at the top. The cubical contents of cuts 
and fills is given for each section between adjacent cross-sec- 
tions, the width of the sub-grade, ditches and slopes of cuts 
and fills. Accuracy and clearness in mapping out an electric 
railway affect greatly the contractor's estimates. Where this 
work is to be given by contract, every element left in doubt, 
or omitted, increases the cost of the bid to cover the risk of 
underestimating. 

It is not within the scope of this book to go further into de- 
tails of the actual making of a survey, except to call attention 
to its important relation to the economy of operation and to the 
limits within which the surveyor is controlled by engineering 
conditions under which schedule speeds can be made with 
safety. While the electric railway has heavier grades and 
sharper curve-limits than the steam road, the surveyor should 
be instructed by an engineer on the marked effect grades and 
curves have on the operating economy, and what modifying 
effect the reduction of these will have on cost of operation. A 
few examples will best illustrate the bearing of these on the 
general problem. 

In the matter of limiting grades, the question is how much 
an increase in the cost of construction will decrease the cost of 
operation. If t20 can be spent in construction to save one 
dollar in operation the expenditure is earning a five per cent, 
rate of interest at the point where the change is made and the 
economy effected. It is, however, the summation of all econo- 
mies which can be obtained by careful preliminary engineering 
which fixes both the capitalization and earning values of the 
property. The question is even a broader one than this, espe- 
cially on certain critical lengths of road. 

Assume, for example, a road between 17 and 20 miles long, 
with one hour between the departure of the cars from the 
terminals. If heavy grades and sharp curves are employed, 
two cars cannot maintain this schedule with safety, and three 
cars will be required, thereby increasing the cost of operation 
from 18 to 28 per cent. ; while the passenger revenue will be no 
greater. A greater number of stops will shorten this critical 
length of the line as regards two or three cars performing 
hourly service between terminal points. 

Considering the effect of grades, assume the case of a grade 
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1,000 feet long, and a three per cent, compared to a five per 
cent, gradient. The cost of reducing the five per cent, grade to 
the three per cent, grade would possibly be $3,500. The rela- 
tive value of the two can be computed as follows : 

Assume a car weighing 25 tons geared to 40 miles per hour 
on the level, and capable of a schedule speed of 20 miles per 
hour including stops and slow downs. This car should ascend 
the five per cent, grade for 1,000 feet at an average speed 
of 17 miles per hour in 40 seconds. It has gained an elevation 
of 50 feet and increased its potential energy 2,500,000 foot- 
pounds at the top. To do this work in the time given the 
motors would be required to develop 108 horse power. Under 
the best average conditions of conversion and transmission the 
power station would have to deliver 216 horse power during 
the time that the car requires to surmount the grade. 

Considering a three per cent, grade of the same length, this 
car would gain an elevation of 30 feet and a potential energy 
of 1,500,000 foot-pounds. With an average speed of 21 miles 
per hour the time required to ascend this grade would be 
30 seconds and the horse power from output of the motors 91, 
or 182 horse power produced at the station. 

The time saved between the two grades is 10 seconds, and the 
output saved at the station would be the difference between 
216 and 182 horse power, or 34 horse power for 30 seconds and 
216 horse power for 10 seconds, by the use of the lesser grade. 
At a cost of f .01 per horse power hour this would be a saving 
in energy alone of f .0088 each time the car ascended the grade. 
The cost of time at |4.60 per car hour would mean an addi- 
tional saving of f .0127 per car hour. 

Now if we assume half-hourly schedules at terminals, a sym- 
metrical grade on each side, and a 20-hour day, the cars would 
ascend the grades 80 times a day and the saving in power be- 
tween the three and five per cent, grades would be f .70, while 
the saving in cost of time would be f .26, or a total saving of 96 
cents per day. This amounts to f 350.00 per year or 10 per cent, 
on the investment of $3,500, the cost of reducing the grade. 

Three per cent, was taken as the limit because an ordinary 
equipment will float down a three per cent, grade at the 
schedule speed, whereas on a five per cent, grade the brakes 
have to be applied to keep it within speed limits. In this con- 
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sideration other capital expenditures are involved, depending 
upon the location of the grade relative to the power station, 
which will increase the cost of feeders necessary for the five 
per cent, grade, in order that the time schedule could be main- 
tained. Also if this is the maximum grade on the route it 
might increase the capital outlay required on account of the 
extra demand in the power station, and this is especially true 
if the meeting points are at the top of the grade, and the max- 
imum demand for both equipments occurred at the same time. 

For each particular case the rate of interest on the cost of 
greater reduction, can be equated against the operating expense 
required in surmounting the proposed grade as compared to 
that required for the reduced grade. 

A sharp curve is as detrimental to high speed as a heavy 
grade, for when the curvature approaches 10 or 12 degrees it 
always means a slow down which is as expensive as a stop. 
All curves should be of long radius, such as steam roads em- 
ploy, and they can then be taken at speed. 

An interesting discussion of the effect of frequent stops on 
energy consumption, operating expense, and schedule speed, in 
comparatively high speed running has been written by Mr. A. 
H. Armstrong, from which we quote as follows : 

Assume a certain road to require a schedule sx)eed of 25 miles 
per hour, operating 35-ton cars ; wanted, the relation between 
frequency of stops, energy consumption, maximum speed and 
motor capacity demanded. The following table is made out 
for an accelerating and braking rate of 1^ miles per hour per 
second, a value sufficiently high for suburban work. 



Table VII 

SCHEDULE SPEED 25 MILES PER HOUR 



Stope per Mile. 


KW. 


Maxlmnm Speed. 


Total HP Motor 
Capacity. 





29 


25 miles 


148 


.2 


85 


29 " 


175 


.4 


44 


81 " 


186 


.6 


51 


38 '» 


207 


.8 


68 


87 '* 


245 


1.0 


79 


48 •• 


801 


1.2 


100 


51 •* 


895 
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This table affords means of very interesting comparisons. 
The number of stops per mile given is the equivalent number 
of stops, and includes slow downs required for sharp curves, 
etc. With .8 of a stop per mile the power consumption is 
given as 63 kw. per car, while an increase of 50 per cent, in the 
number of stops to 1.2 per mile increases the power consump- 
tion to 100-kw. average. A further increase in the number of 
stops and the maintenance of the same schedule speed would 
increase the power consumption of the car at a much greater 
ratio. This increase in power for the more frequent stops can 
be capitalized. The difference in power consumption between 
.8 stops and 1.2 stops, 37 kw., corresponds to 1.48 kw.-hours per 
mile of track per car per day. Assume, 1-hour headway and 
18-hour service, there will be thirty-six cars per day operating 
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Fig. 1. — Power Consumption at Different Schedule Speeds 
as Influenced by Stops per Mile. 

over this 1-mile section, consuming a total of 53.2 kw.-hours. 
At 1 cent per kilowatt-hour this energy amounts to 5 per cent, 
interest on f3,880. In other words, nearly f4,000 per mile of 
track could be expended to eliminate curves, which would de- 
crease the number of stops per mile 33 per cent. 
The results of this investigation are shown graphically in 

Fig. 1. 

To illustrate the influence of more frequent stops a case has 
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been assumed where a 35-ton car is geared for 45 miles per 
hour maximum with an equipment of 300-horse power nominal 
capacity in motors. The following table gives the proper fre- 
quency of stops, with varying schedules for the same tempera- 
ture rise, approximately 60 degrees C. That is, given an equip- 
ment operating at 45 miles per hour maximum speed, the table 
will show the reduced schedule speed required with increasing 
number of stops, such as would result from increased popu- 
larity of our suburban system: 

Table VIII 

45 MILES PER HOUR MAXIMUM SPEED 



Schedale. 


Watt Hoora 
Per Ton Mile. 


Car Power. 
KW. 


No. of StODB 

Per Mile. 


45 


67 


106 





40 


72 


101 


.18 


86 


79 


97 


.4 


80 


89 


98 


.7 


25 


100 


87.6 


1.08 


20 


120 


84 


1.8 



The table shows that a car capable of making, say, 35 miles 
per hour, with one stop in 2^ miles, would have its schedule 
speed reduced to 25 miles per hour, should the traflSc demand 
stopping every mile. It is, of course, possible to make some- 
what higher schedule speed with one stop per mile than 25 miles 
per hour, but the increased acceleration required would de- 
mand commutation requirements in excess of the capability of. 
the motor. 

In the past, electric railway engineering in regard to location 
and road-bed construction, has not been considered with refer- 
ence to final economy. The decision seems rather to have been 
based on how steep a grade will the equipment take. Too 
much emphasis cannot be laid on the economical factors enter- 
ing into the construction of the road-bed on which the future 
success or failure of the property rests. In a number of the 
properties which have passed through the receiver's hands, the 
conditions which have involved these roads in financial trouble 
have arisen from the haphazard and thoughtless methods which 
were used in their location, and in preliminary engineering. 
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The Real Estate Agent 

Many cares and responsibilities rest on the real estate agent 
during the promotion and location of an electric railway. 
The tact which he possesses and his knowledge of the people 
with whom he has to deal have an important bearing both in 
the cost of the right of way, and on the attitude of the people 
towards the railway company locating through their districts. 
As these people are the future customers of the road, it is im- 
portant that the relation maintained be one of equity and good 
feeling. In some communities the residents, recognizing that 
the electric railroad will be a benefit to them personally, and 
should increase the value of their property and products, will 
often deed rights of way and easements gratuitously, or for a 
nominal consideration. Again, the right of way is granted 
under certain stipulations, which at first glance may seem a 
slight concession on the part of the railway, but which may 
eventually react against the proper operation of the road. The 
location of stops, — (the point of maximum economy being on 
top of grades and at sidings,) — ^the giving of passes over the 
road, the hauling of freight and of produce at predetermined 
charges, are all concessions which should be yielded with the 
greatest caution, as they involve the future of the road. In all 
cases fixed rates should be deferred until the natural laws of 
competition and demand determine them ; then a road can re- 
duce rates and increase business, but it often militates perma- 
nently against revenue to increase rates. 

Property holders often want the road to pass through cer- 
tain portions of their property, where the land has less value, 
or where the road will not cut up their fields. They often de- 
mand that a road shall be so located as not to destroy shade 
trees. As a rule the property ownier prefers that the right of 
way should be through his neighbor's possessions rather than 
through his own. In this relation between the property holder 
and the railway company the real estate agent is an important 
factor. He should be in close touch with the engineer, who 
will indicate to him the best locations, and what local condi- 
tions are most favorable; what points to concede, and what 
points to reject, or where conciliation will work for the best in- 
terest of the railway property, both in regard to operation and 
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engineering. The engineer will also furnish him with the facts 
by means of which the agent can make his claims in clear and 
strong terms. The agent should familiarize himself with the 
legal limitations; with the right of property owners to convey 
their possessions; and should ascertain who has title to the 
property in question; and also what are the laws covering 
deeds and grants in the territory through which he expects to 
operate. 

There are certain communities which are, blinded by the ob- 
vious advantages gained by transportation facilities, and look 
on a corporation as a thing to be bled, greed being their domi- 
nant motive. The way these localities are frequently handled 
is to use this motive to obtain the end in view. This is done 
by running several routes through the country, and when the 
inhabitants find they will probably lose all by holding the 
prices of right of way too high, they succumb. This method 
usually results in considerable shrinking in valuation, and it is 
best, under these conditions, not to force the most favorable 
right of way until the last. The amount of land required per 
mile for different widths of right of way is given in the follow- 
ing table : 

A 100-foot right of way takes 12.1 acres per mile. 
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7.26 
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8.62 



l< II II 
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In the question of settlements, — whether the payments shall 
be made in cash, bonds, stock or other values, — ^the financial 
interests of the road in each case usually decide this question 
for the agent, unless a fixed policy has been decided upon by the 
stockholders. , 

When a franchise has been granted along a highway, abutting 
property holders will often interfere with the running of the 
best route ; raising objections which are pertinent to them, but 
these should be overcome by tact and firmness when they in- 
volve certain conditions: — such as the crossing of pub- 
lic and private roads. This should be strenuously avoided, 
for the line of the road should be laid out with the 
direct intention of making these crossings as few as 
possible, and it is particularly true where the road i« 
required to cross the highway which it parallels. Shade 
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trees, line fences, and out-buildings are often obstacles 
which are sufficient, in the mind of the abutting property 
owner, to make him insist that the road shall take the other 
side of the highway. The agent should be instructed in the 
danger resulting from the frequent crossing of the highway. 
In the past these trivial objections have too often been given 
undue weight, because the operating hazard was not understood. 
The waste of time which the making of every crossing involves 
is not sufficiently^ considered: it always means a slow down, 
and in the crossing of a country dirt road there is usually a 
poor condition of traction, and derailments are frequent at 
these points, due to the low obstructed rail head. 

Letting Contracts 

It is essential that both the engineer and the executive 
should have a brief outline of what constitutes a valid contract, 
and what points are generally covered in such contracts, both 
on the part of the company and the contractor, in the building 
of an electric railway. It is not the purpose of the authors to 
give a form, as these vary with each writer of contracts, but an 
outline of the essential principles which should be included in 
every contract under which electric railway work is performed. 
The difference between a contract and a specification is hard to 
define, as one merges into the other, but care should be exer- 
cised that repetitions of the same acts and duties shall not 
appear both in the contract and the specification, as this will 
only lead to confusion. But there are elements in a contract 
which essentially belong to the contract alone. 

Among the legal conditions which must be present to make 
any contract valid, the first is that both parties have the ca- 
pacity to enter into a contract. Married women, aliens, con- 
victs, infants, insane persons and drunkards, are recognized 
as incompetents, as parties to contracts under certain condi- 
tions, but varying with the laws of different states. The officers 
of the company contracting may not be competent to execute 
a contract. The powers conferred upon them by their charter, 
grant or franchise, their board of directors or stockholders, and 
the legal rights of the parties concerned have to be examined 
before drawing the contract. 

It is especially difficult for an engineer to draw an impreg- 
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nable contract. He has to assume at the outset that both 
parties may be inclined to interpret obscure statements to their 
own advantage. So no subversion of the evident intent of the 
duty to perform, can be implied, or doubtful terms used in the 
statement of the duty. The language used to state the terms, 
conditions or specific performances must express the true in- 
tent of the contract, for a doubt as to intent will invariably 
lead to evasions and dissension during its execution. The 
theory of the contract is to describe the undertaking from the 
physical condition of the property at the beginning, concisely 
stating the duties and work to be performed by ihe contractor, 
and the conditions that must be found to exist on the property 
at the termination of his work. Also a preamble, stating pre- 
cisely what the function of the work to be carried out by the 
contractor is ; in what way, manner, and at what times, he will 
receive payments for the work performed ; when the work must 
be started, and when completed. A penalty cannot be imposed 
for a delay beyond the agreed time of completion of contract, 
unless a bonus is stipulated for completion prior to the time 
stated. It is hard to enforce a penalty, as the courts consider 
a punishment of this kind to be their exclusive prerogative. 
A penalty for damages that arise from the contractor's neg- 
ligence or incapacity, can be inserted in a contract in the 
form of liquidated damages, and be withheld i)ermanently 
from the total compensation, in case of any apparent default 
on the part of the contractor. 

No portion of a contract requires greater experience and 
ability than the forecasting of all possible eventualities, that 
would materially affect the agreement, and to provide a proper 
solution for carrying out the terms of the contract, under each 
combination of circumstances that may arise. 

Where the contractor, in the execution of his contract, is to 
be supplied with material by another contractor, or the com- 
pany ; both the time when these materials are to be delivered ; 
where they are to be delivered ; in what quantities; and to what 
specifications or conditions they are to conform ; and whether 
the contractor, or company's engineer, is to verify the de- 
liveries in regard to quantity and character must be specified. 
A definite line must be drawn as to where the responsibility 
of the company ends, and the contractor's begins. 
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The clauses regarding extras can only be made as stringent 
as the exactness of the preliminary engineering and specifica- 
tions will admit. Excavations, foundations and filling in, the 
character of soil, and the proportion of rock to be removed, are 
(except in the case of a gross contract) generally considered 
on the basis of the cubic yard, multiplied by a constant which 
varies with the distance the refuse has to be moved for dis- 
posal. Whether the refuse is waste or fill, rock or earth, the 
unit prices are adjusted to cover the entire operation. Bocks 
which have to be blasted to be handled are allowed in the esti- 
mate as stone.* In the case of foundations such as bridge abut- 
ments, where the character of the soil has not been previously 
determined, allowances are made for sub-surface depths, and 
are proportioned to surface construction costs. 

The contract must indicate clearly what constitutes a failure 
to perform, and what lapses will be considered such a failure. 
What acts beyond the contractor's control will be considered 
essential in order to extend the time of completion; what 
natural conditions can arise on the property, or what lapses by 
other contractors, which will necessitate an extension of the 
timQ limitation; what information shall the engineer supply 
the contractor during the progress of the work, and when shall 
this information be given ; what conditions can arise, and who 
will be the authority to decide, in the location of structural 
changes, the necessity of which have become evident in the 
progress of the work; how the contractor will be paid for such 
additional work, or, where there is a gross contract, how he 
will rebate to the company, if the changes cost less than the 
originally proposed route or method ; what redress or damages 
the contractor will have when information or material is de- 
layed, so that the continuous performance of the work on the 
contract cannot be carried on. All these points should be so 
clearly stipulated that no partial performance under the con- 
tract could be accepted as a complete satisfaction of the agree- 
ment or a compliance with the intent. 

Where the contractor performs any portion of the engineer- 
ing work and his contract also includes the purchase of ma- 
terial, the character, quantity and disposition of the latter 
should be distinctly stated ; also the order in which the work is 
to be carried on ; the time and character of inspections ; under 
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whose authority these inspections are to be made; the form 
of notification of accepted, or rejected work; and by what 
authority rejections are made, should be stated. 

In the case of differences arising under a contract or specifi- 
cation, the usual custom is that each party shall appoint a 
referee, these two appointing a third, and the decisions ren- 
dered by a majority of the three are mutually agreed to be bind- 
ing upon both parties, and neither party shall seek any further 
action in a court of law. 

The sealing and witnessing of a contract should preferably 
take place before a notary, and the bond, or character of 
security required from the contractor for the faithful perform- 
ance of his duties is then submitted. On the part of the com- 
pany, the guarantees of payment to the contractor are also 
required to be stated. 

The above is a framework which should obtain in all con- 
tracts the details of which can be varied to meet the require- 
ments of the different relations that mav exist between a com- 
pany, engineer and contractor. These relations should be of 
such a nature as to maintain the original intent established, 
and carry out the true meaning of the contract. This is the 
ideal function of a contract, but in the building of a railroad 
it frequently requires the exercise of both fairness and equity, 
on the part of all parties concerned, to harmonize the differ- 
ences between the intent and criterion, of specific performances 
which may enter the contract, and may only become apparent 
during the course of construction. In the writing of a con- 
tract, terse, concise statements, and requirements, are more 
easy to fulfill, and the intent is more readily comprehended, 
than when certain phrased forms are introduced, which are 
often difficult of correct interpretation. 

Specifications 

The specifications for the construction of the road-bed are 
based on the data supplied by the surveys, maps, location 
stakes, monuments and rights of way, the engineer having this 
data before him. The first clause of the specifications of an 
electric railway covers the clearing of the right of way of all 
underbrush, trees, fences and movable surface obstructions. It 
is generally specified that the clearing is to be done between the 



24 AMERICAN ELECTRIC RAILWAY PRACTICE 

offsets established by the engineer, which may be blazed trees, 
stakes and other marks designated on the surveyor's map. In 
all cuts or fills not over two feet in depth, it is preferable to 
require all stumps to be torn up by their roots. When em- 
bankments are over three feet high, grubbing is not necessary, 
the trees and underbrush can be cut low, slightly below the 
surface of the surrounding soil. Before excavation or filling 
can begin it is also required that any accumulation of organic 
matter be removed from the surfaces. Where fills have to be 
made, grade stakes must be set by the engineer. The slope of 
cuts must be stated, also the slopes of embankments with differ- 
ent characters of soil. The usual slope for earth is one and a 
half horizontal to one vertical, for both excavations and fills. 
For damp clay and solid gravel, if protected from drainage 
water, slope one to one, but this cannot be permanently de- 
pended upon unless retained by vegetable growth. Fine sand 
and clay exuding moisture, may require a slope of one and 
three-quarters to one, and as much as two to one, and where 
quicksand, or easily washed or gullied earth, three and four to 
one. In rock work the slopes are generally one-quarter to one, 
and one-half to one for loose rock, and one to one for loose 
friable rock, which disintegrates and crumbles when exposed 
to the air. Bock embankments should stand one to one. The 
level of the sub-grade should be indicated, and the crowning 
required and the width of cut at sub-grade given. Bock cuts, 
especially if they include a curve, should be made wide enough 
to clear the car body in all positions, at least 18 inches, and in 
tunneling with overhead construction there should be 22 inches 
or more above the trolley board. The specifications should 
also state that the engineer will run test levels, verifying the 
positions of stakes and elevations, resetting any stakes that 
may have been displaced, and properly guard any important 
transit points and stations. He will also stake out the width 
of a cut on the surface and at sub-grade, the width of fills, 
base and top, the level of fills above grade line to allow for 
shrinkage. 

The following shrinkage table is given for the guidance of the 
engineer : 
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Table IX 

BmlMUikment. Amoant Required. 

Sand and gravel 80 cu. yds. 87 cu. yds. 

Clay 100 *• 111 " 

Loam 120 " 186 '* 

Wet soil 150 •• 200 ** 

Rock, large fraffments 600 " 875 '* 

** medium iragments 700 " 418 " 

** small fragments 800 *' 444 *' 



That 18, 1,000 cubic yards of clay will only make about 900 
cubic yards of embankment and it will require 1,111 cubic 
yards of excavation to make 1,000 yards of embankment The 
reverse is true with rock, 1,000 cubic yards of medium-sized 
rock excavation will make 1,700 cubic yards of embankment, 
while 1,000 cubic yards of embankment will only require 587 
cubic yards of excavation. In filling with rock, the largest 
size to be used in the fill should be stated. The slopes of the 
sub-grades for drainage, the ditching and the sub-surface 
drains, should be referred to and located on the map. 

Specifications for culverts should state the method of their 
construction and location, their width and height and whether 
open or covered; specifying tile pipe, iron pipe, masonry or 
concrete. 

In the cases where soft ground has been found, or quicksand, 
the method of piling, mattressing or bridging, should be de- 
tailed. In fills, the limiting height should be given. Where 
trestle-work must be substituted for fills; the character of 
foundations for the bents, whether piling can be used to form 
these bents, what will be the type of foundation in the case of 
bents on independent foundation, and the size and character 
of timber to be used, should be distinctly specified. A draw- 
ing of the proper framing for the different heights of con- 
struction required should be furnished giving the distance be- 
tween centers of bents, the size of the stringer and the grade 
line of the stringer, and also the provision on the bents for the 
location of poles of the pole-line. 

In the case of bridges, if the contractor is not required to 
supply the span, but to build the abutments only, the width 
of span, the character of material used in construction and the 
method of construction, the foundation area, the depth of 
foundation, the batter of the foundations, the top area of the 
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foundations, and the locations of the plates and bolts on which 
the bridge truss or beams are to rest, should be given. Twenty- 
foot spans and under are usually constructed of I-beams, or 
heavy timbers, provided with tension member rods. In a con- 
crete arch give the spring of the arch, and the depth of concrete 
required for the crown of the arch. A span of from thirty- 
five to forty-five feet, may be either a large I-beam or girder 
construction, or a wooden truss. 



CHAPTER III 

s 

BAILWAY TBACK CON^STBUCTION 

Interurban Roads 

Good ballast, with proper side ditches and the necessary 
tiled cross drains, and culverts, affords good drainage. Broken 
stone which will pass through a ring 1^ inches in diameter, 
forms the best ballast after it has settled. Gravel is next best 
and cheaper, and settles somewhat quicker. The selection of 
the character of the ballast depends upon local conditions. 
Sometimes an abundance of stone is to be obtained along the 
right of way, in which case a stone crusher could be installed 
and sufficient ballast provided. At other times gravel banks 
are available and gravel can be obtained much cheaper than 
the stone. In either case the object desired is a good solid 
foundation for the track through which water can pass. In 
first-class construction from 8 inches to 12 inches of either 
stone or gravel should be laid on the sub-grade to form a solid 
foundation on which to lay the rails and ties; ballast should 
then be filled in to the top of the ties. In tamping ties a tamp- 
ing bar should always be used, shovel tamping is not good 
practice. Ballast should be given a slight crown to allow 
water to flow off more readily. It should be even with the top 
of the tie in the center line of the track and from 2 inches to 
3 inches below the top at the ends of the ties. 

The importance of a good foundation for interurban track 
cannot be overestimated. Money invested in good ballast 
placed under the ties, and in the purchase of good ties, is a 
better investment than if it were invested in a heavier rail. A 
comparatively light rail on a good foundation is much better 
than a heavy rail on a poor foundation. Some have the idea 
that a heavy rail will assist a poor foundation, but this is not 
true. 

The proper factors to be considered in determining the weight 
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of rail are the weight and speed of the cars, the size and spac- 
ing of the ties, and the kind of rail joint. For high speed cars 
not over 40 tons in weight, with good solid ties not less than 
6 inches x 8 inches x 8 feet, spaced 2 feet on centers, the use of 
a 70-pound A. S. C. E. T-section of rail is good average prac- 
tice. One of the several types of bridge joints with base plate 




Tig. 2.— Supported Joint. 
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Fig. 8. — Suspended Joint. 
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Fig. 4.— Supported Joint. 

is the best joint if the expense seems warranted, otherwise the 
4-bolt or €-bolt standard angle plates, suspended and staggered. 
Figs. 2, 3 and 4 show the latter joints suspended and sup- 
ported. Fig. 5 shows the section of the same standard joint 




Fig. 5.— Section of Standard Joint. 

with spikes driven through grooves in angle plates to prevent 

creeping track. The suspended joint is more generally used. 

The size of the ties, 6 inches x 8 inches x 8 feet, is steam 

road standard, and while there are some interurban roads built 
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with ties as small as 5 inches x 6 inches x 7 feet, it is now 
acknowledged that no sizes smaller than the standard are 
satisfactory. The best kind of wood for ties depends on the 
locality and climate, but the kind usually employed is that 
which is most easily obtained. The cost of ties is continually 
advancing owing to the increasing scarcity of timber, and 
standard ties now cost from 50 to 70 cents each according to 
locality. The life of a tie is of great importance and depends 
upon the kind of wood, character of the ballast, and drainage. 
The following figures are for average conditions: Chestnut, 
7 years; cedar, 12 to 16 years; white oak, 7 years; yellow 
pine, 5 years; hemlock, 3 to 6 years; mountain pine, 
2 to 4 years. Cedar ties are usually only available in cer- 
tain parts of the West and Northwest where they grow, for 
high freight charges added to their original cost would render 
them too expensive. In some localities the cheaper srrades of 
pine ties have been treated by a creosote process which brings 
their cost up to about 70 cents, and increases their life to ah 
average of 15 years. A considerable number of such treated 
ties are in use by both steam and electric roads. The steam 
roads, realizing the future importance of the tie question, have 
made many experiments with steel or iron ties, in order to 
determine their life. The question has hardly been settled yet, 
but the Pittsburg and Lake Erie (steam road) is said to have 
their entire line laid with steel ties. The spacing of ties de- 
pends on the weight of the rolling stock and on the weight of 
the rail. A fair figure for interurban work would be a space 
of two feet between centers, but with 18 inches between centers 
close to joints. This gives 16 or 17 ties per rail of 30 feet. 
Large numbers of long-leaf yellow pine ties from the South 
are used by some of the principal trunk lines in the North. 
Hewn ties are said to last longer than sawed, probably be- 
cause the saw opens the wood fiber and renders it less im- 
pervious to moisture than when an axe is used. 

The use of spring switches at sidings or turnouts in inter- 
urban lines is advocated by many. Some object to them be- 
cause accidents have occurred due to springs becoming weak- 
ened, causing the car to split the switch when running against 
it. Careful inspection should remedy this trouble. They are 
widely used, and where sidings are comparatively long an ad- 
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vantage is that when cars oxe on time neither has to stop on 
passing. The Detroit, Munroe & Toledo is so equipped and 
with sidings about a mile long. This is unusual but good prac- 
tice. Stub end sidings with locked switches are safest, be- 
cause the waiting car must back out, after the other car has 
passed, and reset the switch for the main line. This plan is 
advisable at sidings which are not regular schedule meeting 
points. All curves which are not of very loag radius should 
have guard rails next to the inside rail of the curve, if it is 
desired to take these curves at speed. Short bridges are usu- 
ally of the concrete arch type, or the steel plate girder type 
with concrete abutments. Longer bridges are of the usual 
steel truss type. Bridge building is a science by itself and 
few electric roads attempt to design their own. 

The following simple rules for the use of roadmasters may 
be of interest : 

To find the gross tons of steel rails per mile, multiply the 
Weight of the rail per yard by 11 and divide by 7. 

To find the radius of any curve in feet, divide 5730 by the 
degree of the curve. 

A steel rail 30 feet long expands J inch for a rise of 100** 
Fahrenheit in temperature. 

Some roads on laying rails, allow the following space between 




Chord >^ 



Fig. 6.— Construction for Finding 
Degtee of Curve. 




Fig. 7. — Construction for Finding 
Number of Frog. 



rail ends : At 0°, space should be i inch ; at 25° F. above zero, 
space should be ^ inch ; at 50** above, ^ inch ; at 75° above ^ 
inch; at 100° above, no space. Expansion should always be 
uniform. By observing this and using care in placing joint 
plates, and in spiking, much can be done to stop "creeping 
track." 

To find the degree of any curve (Fig. 6) : Find the middle 
ordinate, M. O., of a chord 61 feet 4 inches long. The number 
of inches in this middle ordinate is the degree of the curve. 
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To find the middle ordinate of a 30-foot rail, divide the 
degree of the curve by 4. This is good up to ten degrees. 

To find the number of a frog (Fig. 7) : Measure the distance 
in feet from the theoretical point of the frog to where the gauge 
lines are 6 inches apart. Multiply this distance by 2. The 
result is the number of the frog. 

To find the number of a frog for any turnout (Fig. 8) : Lay 
out the line of lead A. B. Mark where it crosses gauge line of 
rail. Measure the distance in feet from this point to where 
this line is 6 inches from the gauge side of rail. Multiply this 




Fig. 8.—- Construction for Finding Number of Prog for Turnout. 

distance by 2. The result is the number of the frog required. 
In Fig. 8, the distance shown is 4 feet 6 inches. The number 
of the frog is therefore No. 9. 

The rule for the theoretical lead of a split switch for any 
gauge is : Twice the gauge of the track multiplied by the num- 




FiG. 9.— Construction for Laying out Crossover or Turnout. 



ber of the frog; or for 4-foot 8J-inch — and 4-foot 9-inch — 
gauges the lead is 9^ times the number of the frog. But in 
practice the rule makes the leads too long. For shortened 
leads which will be found to work welF in practice, the follow- 
ing rule may be used : For 4-foot 8^-inch gauge the lead for all 
the frogs up to and including a No. 6, is 9^ times the number 
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of the frog; for Nos. 7 and 8, 9 times the number of the frog; 
for Nos. 9 and 10, 8^ times the number of the frog; and for all 
above No. 10, 8 times the number of the frog. 

The rule works out as follows : 

To lay out a crossover or turnout (Fig. 9) : 

Table X 



For 4-foot 8i-inch Gauge. 

No. of Frog. Length of Lead. 

6 57 feet 

7 

8 

9 
10 
11 
12 
15 



68 




72 




76 


" 6 inches 


85 




88 




96 




120 





These shortened leads may be varied from the above when 
desirable to do so, to avoid waste of rail by cutting, or to suit 
the material at hand. 



Table XI 



4-foot 8i-inch Gauge. 



No. of Prog. 



6 
I 

S 
9 
ID 
II 
12 
15 



Length of 
Lead. 



Ft. 

56 

65 

75 

84 

94 

108 

118 

141 



In. 

6 
11 

4 

9 

2 

7 



8 



Distance between Frog Points. 



Track Centers. 



11 Ft. 


12 Ft. 


18 Ft. 


14 Ft. 


15 Ft 


Ft. In. 


Ft. In. 


Ft In 


Ft. In. 


Ft. In. 


9 6 


15 6 


21 6 


27 6 


88 6 


11 


18 


26 


82 


89 


12 8 


20 8 


28 8 


86 8 


44 8 


14 8 


28 8 


82 8 


41 8 


50 8 


15 10 


25 10 


85 10 


46 10 


55 10 


17 6 


28 5 


89 5 


50 5 


61 5 


19 


31 


48 


55 


«7 


28 9 


88 9 


58 9 


68 9 


88 9 



16 Ft 



Ft In. 

89 6 
46 

52 8 

59 8 

65 10 

72 5 
79 

98 9 



Length of 
Lead. 



Ft. 

56 

65 

75 

84 

94 

108 

118 

141 



In. 

6 
11 

4 

9 

2 

7 



8 



RAILWAY TRACK CONSTRUCTION 



33 



Table XII 



MIDDLE OBDINATES FOR BENDING RAILS FOR CURVES 



Length of rail 30 feet. 



CarTatare. 


Deg. 


Min. 




20 




40 


1 





1 


20 


1 


40 


2 





2 


20 


2 


40 


8 





8 


20 


8 


40 


4 





4 


20 


4 


40 


5 




6 




7 




8 




9 




10 




11 




12 




13 




14 




15 




16 




18 




20 





Radlas. 


Middle Ordinate 


Feet. 


Inches. 


17189 


.08 


8594 


.16 


5730 


.24 


4297 


.31 


8438 


.39 


2865 


.47 


2456 


.55 


2149 


.63 


1910 


.71 


1719 


.78 


1563 


.86 


1433 


.94 


1328 


1.02 


1228 


1.10 


1146 


1.18 


955.8 


141 


819 


1.65 


716.8 


1.88 


637.3 


2.12 


578.7 


2.86 


521.7 


2.59 


478.8 


283 


441.7 


8.05 


410.8 


8.80 


888.1 


3.54 


859.3 


8.76 


819.6 


4.21 


287.9 


4.70 


Table XIII 





TABLE OF CUBIC YARDS OF BALLAST PER MILE OF ROAD. SIDE SLOPE 
OF BALLAST 1 TO 1. WIDTH IN CLEAR^ BETWEEN TWO TRACKS 
6 FEET 



Total Depth 


Top Width, Single 


Track. 


Top Width, Doable Track. 


Inches 


W Feet. 


11 Feet 


12 Feet. 


10 Feet. 


11 Feet. 


12 Feet 


12 
18 
24 
30 


1759 
2974 
4294 
5711 


1947 
3267 
4685 
6200 


2148 
8560 
5074 
6687 


3503 

5800 

8196 

10690 


8699 
6094 

8588 
11180 


8895 

6888 

6980 

11670 



Note : Total depth of ballast is from top of tie to sub-grade. 
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Track Construction Costs 

The cost of interurban track construction varies greatly 
due to the material used, and the character of the right of 
way. 

The following figures are of course subject to variation in 
different sections of the country, but as an average they repre- 
sent what the work referred to has cost in the Middle West. 

Orading. — With 1,000 feet haul and 16 cubic feet wheelers, 
earth should be moved for from 15 to 18 cents per cubic yard. 
Add five per cent, for each 100 feet over 1,000 feet haul. 

Handling ties. — Cost of handling ties with teams, haul not 
exceeding three miles, 3 cents per tie. 

Handling steel. — Cost of unloading steel rails off cars from 
mill and stacking them by hand 25 to 30 cents per gross ton* 
Cost of loading steel on cars for track laying, 30 cents per ton. 
Steel rails should be handled, under the most difficult circum- 
stances, for 70 cents per ton including unloading and reload- 
ing and hauling to track layers with a steam locomotive. 

A mile of track should be laid complete for |250.00 includ- 
ing the placing of ties on grade at two-foot centers. Regular 
contract price for handling steel, unloading, reloading and 
hauling is 70 to 80 cents per ton ; handling ties three cents to 
five cents per tie depending on size and length of haul ; laying 
steel 1300.00 to f350.00 per mile. 

Bonding. — Drilling rail, 60-foot lengths can be done for 
50 cents per gross ton, but regular contractor's price is fl.OO. 
Bonding labor will cost approximately |60.00 per mile, 176 
joints. 

Ballasting. — The cost of handling gravel from pits, loading 
with steam-shovel, and hauling to dump with steam locomotive, 
longest haul not to exceed 10 miles, should not exceed 10 centa 
per cubic yard. This includes labor of gravel pit crew, steam 
shovel and locomotive crews. Labor for ballasting and sur- 
facing track should not exceed |400.00 per mile. This figure is 
for a 6-inch rise, or 1,250 cubic yards of ballast per mile. 
The contract price for this work usually averages fSOO.OO to 
11,000.00 per mile. 

Pole line for trolley. — Setting poles 6^ feet deep in sand or 
clay should cost 75 to 80 cents per pole. In quicksand soil at 



RAILWAY TRACK CONSTRUCTION 35 

least 25 per cent, must be added to the above as it is then neces- 
sary to nse barrels which increase the cost greatly. 

An average cost in detail for comparatively level country, 
with a number of cuts and fills, may be assumed to be as 

follows : 

Grading $2,200.00 

Rockballaat 2,600.00 

Ties 1.500.00 

70 lb. steel rails, 110 tons at 980 8,800.00 

Jointplates, bolts and spikes 600.00 

Bonds 400.00 

Labor, laying steel and ballasting 1,000.00 

Fencing ^ 600.00 

$12,000.00 

The above costs represent a fairly well built railroad. The 
cost of bridges, abutments and culverts is omitted because it 
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Fig. 10.— -Average Rail Section for Intenirban Road. 



is not considered feasible to attempt to assume average condi- 
tions in these items. But the cost of grading is placed high, 
as is that of ballasting, and it may be assumed that these 
items cover the former except under unusual conditions. 

That many so-called interurban roads have been built for 
considerably less is well known. By the use of gravel ballast, 
cheaper ties, heavier grades and 60-pound steel it is not diflB- 
cult to cut off 13,000.00 from this estimate. In every case this 
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course will restilt in an increaeed mainteuaDce cost, and if not 
properly maintaiDed entire rebuilding may become Decessary. 
The cost of the right of way ia too variable to be considered. 
In the vicinity of the large cities it may be very high, from 
$100,00 per acre up, while in the farming districts it is often 
donated by the land owners. 

Fig. 10 shows good average earth sections for a single track 
interurban road. 

Rails and Joints 
The proper section and weight of rails to foe used by electric 
railways has been a perplexing question from the beginning. 
On tbe interurban lines little or no difficulty has been experi- 
enced, for in most cases they are permitted by the authorities 



Fio. 11.— A. S. C. E. BUndard T-Rall Section. 

to use the standard T-rail section such as is used by all steam 
roads. Fig. 11 shows the standard T-rail section recom- 
mended by the American Society of Civil Engineers, This sec- 
tion is used by interurban roads up to a weight of 80 or 85 
pounds per yard, and a height of 5J inches. Most of the large 
steam roads have their own standard section, few of which 
differ but slightly from this. But the trouble encountered in 
city track construction, in nearly every city, has been caused 
by the city authorities not only refusing to allow the T-rail to 
be used, but in 8i>ecifying the style of section they would ap- 
prove. The city engineers desired a rail which would offer 
no obstruction to, or be in any way detrimental to vehicular 
traffic, and which would best preserve the pavement. Many 
cities early decided that the Trail did not meet these require- 
ments. The rail was too low, being from 4J to 5 inches high. 
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and where vehiclea followed the track their wheels cut away 
the parement close to the rail, and as the rail head bad to 
project an inch at least above the pavement to allow room for 
the car wheel flange, this made it inconvenient for vehicles 
crossing the track, especiallj at an angle. The lack of height 
made paving very inconvenient as tbe blocks were usually 
deeper than the rail. 

All this caused tbe design of the various types in nse to-day, 
some of which are allowed in one city, and others in another. 
As the weight of cars increased, the weight and height of the 



Fio. IS. -Nine-Inch M-lb. Girder Tram TML 

various girder rails has had to keep pace. Tbe weight now 
most in use in cities will vary from 70 pounds per yard to 137 
pounds, and the standard height can be said to be 7 inches and 
9 inches. Fig. 12 shows a section of a 9-inch girder tram rail 
weighing 94 pounds per yard. It is said that this rail is well 
adapted to a street where the traffic follows the track. Fig. 13 
is a form of grooved girder rail known as the "Trilby" because 
of its footlike shape. This rail was designed by the engineers 
of the New York City Street Railway, and in a slightly modi- 
fled form is still used by them. It is now quite extensively in 
use. Fig. 14 shows the center bearing type of rail. It is said 
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that Kansas City is now the only city in which this is per- 
mitted to be the standard section. From a railroad point of 
view it is the best rail except the T for use in cities. Fig.. IS 
shows one of the latest derelopments of the T-section used in 



Milwaukee, in pared streets. It is 7 inches high and weighs 
aboat 90 pounds per yard. 
Id a number of cases in the past, the use of the Trail in a 
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Fib. 14.— Center Beariog Rati. 

paved street has resulted in failure due to the vehicular traffic 
cutting grooves in the pavement just inside the gauge line. 
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This caused a dangerous condition for vehicles, and the rail- 
way company was at constant expense repairing pavement. 
While a T-rail construction will not afford an inducement for 
vehicles to follow the track, the damage has occurred on those 
streets where large numbers of heavy trucks are compelled to 
follow the track. When the tram, or grooved girder rail is 
adopted, the trucks and other vehicles are attracted, for the 
gauge of their wheels is usually such that they roll on the 
tram or groove of the rail, and thus save the pavement. But 
the use of a rail which attracts vehicular traffic is always an 
objection on account of the delays which it causes to cars. 
Other reasons there are, of even greater import, why the rail- 




Pig. 15.— T-Rail Used in Milwaukee. 



way company should use the Trail when permitted. The life 
that it is possible to obtain from the Trail is much greater than 
could ever be obtained from the girder, now that joints no longer 
limit the life of either. With deeper flanges of interurban 
car wheels rapidly coming into use, but little wear of the rail 
head of the tram or grooved girder can take place before the 
cars are running on the wheel flanges, and this latter situa- 
tion has now become quite common. 

The amount of wear that can take place on the T-rail before 
the track is worn out is independent of the wheel flanges. Of 
recent years the design of the high or so-called "Shanghai" 
T-rail, together with greatly improved methods of paving and 
track foundations, has resulted in a construction presenting a 
smooth street surface for vehicles which is practically as good 
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as the grooved rail, and bag the advantage that the groove will 
never clog with ice or dirt. The stronger pavements now need 




Fio. 17. 



hold np well nnder vehicles when compelled to follow the track, 
but its tendency to drive the traffic to the side of the street, 
where well paved, is of great advantage to the operation of the 
cars. This coDStrnction has been so successful, both from the 



42 AMERICAN ELECTRIC RAILWAY PRACTICE 



point of view of the city, as well as the railway compaDy, that 
it is now being adopted as standard for paved streets in many 




Fig. 18. 

of our largest cities. The construction is described in detail 
in another chapter. 

Table XIV gives the dimensions of the standard rails used 
in paved streets in the cities named. 

The 9-inch Trilby grooved girder rail (Fig. 19), the standard 



Fio. 19.— ■■Trilby" Rail Used in Phllwielphk. 
in Philadelphia, weighs 137 pounds per yard, one of the heavi- 
est sections yet rolled for street railway construction. The 
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City of Denver has always used a T-rail. It was adopted some 
years ago by Milwaukee, St. Paul, Minneapolis and other cities, 
after an unsatisfactory experience with other types, and it is 
continually growing in popularity. 
The best composition of steel from which rails are rolled has 

Table XIV 

TRACK CONSTRUCTION IN PAVED STREETS IN FOURTEEN CITIES OP 

THE UNITED STATES 



ClTT AMD 

Namb of 
Company 



Baltimore- 
United Rail- 
WMV8 A EleC' 
trie Co 



Kind or Rail 

lor Pared 

Streete 



Boston B I e- 
▼ated Railway 
Co 



BufFalo Rail 
way Co 



Chicago City 
Railway Co... 

C 1 ereland 
Electric Rail 
way Co 



Denver City 
I'ramway Co. 

Detroit— Uni- 
ted Railway. . 

Indianapol ie 
Traction A 
Terminal Co. . 

Mil wankee 
Electric Rail- 
way A Lij^iit 
Co 

Minneapol ie 
— Twin City 
Rapid Transit 
Co 

Philadelphia 
Rapid Transit 
Co 



Kind 

of 
Joints 



Manner of Snp- 
porting Track- 
Ties or Con- 
crete Stringers 



Pittsburg 
Hallways Co 

San Francisco 
—United Rail 
Toads .. .. 



St. L o n i B 
Transit Co, . 



Grooved 

Grooved 

Grooved 

Girder 

Grooved 
Shanghai T 

Grooved 

Girder and 

new 
Shanghai T 



New 

Shanghai T 



Shanghai T 



Grooved 



Grooved 



Girder 



Angle bar 
(Sbolts) 



Angle bar 
a2 bolts) 

Electric 
welded 



Cast welded 

Cast welded A 

l^-bolt 

angle bars 

4-bolt angle 
bars 



Conttnoons 
Continaons 

Cast welded 

Cast welded 

Zinc 
Cast welded 

Cast weld 



Grooved 



Ties 6 In. z8in, 
x8ft. 



Ties 6 in. X 8 in. 
X 6 ft. 6 m. 

Concrete bed A 
concrete 

stringers 
Ties 6 in. X 8 in. 

x8ft. 



Ties 6 in. X 8 in. 
and 5 in. X 7 in. 

Ties 6 in. X 8 in. 
by 6 ft. 6 in. 

Concrete 

stringers 
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been a subject of considerable study by railway companies as 
well as by the steel mills. A tough, fibrous steel, not too hard, 
is the best, and the different compositions specified by the prin- 
cipal railways are very similar. The following specifications 
as to the analysis are adopted by the railway companies in the 
cities named. 

Table XV 

BAIL COMPOSITION SPECIFIED IN BOSTON 

Per cent Per cent 

Carbon 60 to .60 

Manffanese 80 1.00 

Sulphur not to exceed .08 

Phosphorus not to exceed .08 

Silicon 10 .16 

Rails containing carbon below 60 or above 68 per cent, will be rejected. Steel for rails to- 
be made by the Beasemer process. 

BUFFALO 

Per cent. Per cent 

Carbon 48 to .68 

Phosphorus, not to exceed .10 

Silicon, not to exceed .20 

Manganese 80 1.10 

DENVER 

Carbon 46 .66 

Phosphorus 10 or less 

Silicon 10 or over 

PHILADELPHIA 

Carbon 46 .65 

Phosphorus, not over .10 

Silicon .20 

Manganese 80 1.00 

SAN FRANCISCO 

(For light rails under 70 lbs.) 

Carbon 88 .48 

Phosphorus, not to exceed .10 

Silicon, not to exceed .20 

Manganese 70 1.00 

(For rails weighhig 90 lbs. to 100 lbs.) 

Carbon 46 .66 

Phosphorus, not to exceed .10 

Silicon, not to exceed .20 

Manganese 80 1.00 

In Philadelphia it is said that the life of a girder rail, under 
the heaviest traffic conditions, is not over ten years. This is 
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about that found in other cities under equally severe con- 
ditions. In New York the life of the special work at such junc- 
tion points as experience the heaviest traffic has been about five 
years, but more recently the use of frogs and switches with 
hardened centers has probably increased their life. 

One of the hardest questions to decide is the weight of 
rail to use, and in no part of the construction of the road will 
a mistake in judgment react so heavily in track maintenance 
charges. The selection of too light a rail for the traffic and 
weight of equipment, will prove an extravagant economy. The 
cost of rails is the largest single item that enters into the track 
material, but to put down too light a rail will increase main- 
tenance cost and reduce the possible maximum schedule at 
which it is safe to operate. 

The three elements involved in the rail, are its stiffness, 
strength and cost. The following relations between stiffness, 
strength and cost have been established, and from an analysis 
of them, we can find how much stiffness, and how much 
strength, we can buy for one dollar. 

The strength of a rail varies as the square root of the cube 
of its weight. The stiffness varies as the square of its weight. 
As the stiffness increases, the area over which the equipment 
weight is distributed is increased, the disturbing action on the 
ballast is reduced and the rail maintains its own alignment. 
This gives a smoother running road, and consequently a lower 
coefficient of friction per ton moved over the road. The expan- 
sion of heavier rails with increasing temperatures is apparently 
less than that of light rails, and smaller spaces can be safely 
permitted without buckling the track. It is generally conceded 
that the reason for this is that its temperature rising at a 
slower rate, there is time to equalize the strain along its length, 
and consequently its cross-section changes instead of all the 
expansion taking place in its length. This is especially true 
where a rail is imbedded in concrete and surrounded by paving, 
for then all of its expansion takes place in its cross-section and 
none in its length. 

In Table XVI, column (4), will be found the comparative 
stiffness in weights of rails varying from 35 to 130 pounds, in 
column (5) the cost per unit stiffness, in column (6) the com- 
parative value received for the expenditure of one dollar; 
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column (7) gives the comparative strength fop different 
weights of rails, column (8) the cost per unit strength, and 
column (9) the comparative strength bought for one dollar. 

It is evident on examining this table that where track sta- 
bility is to be purchased, a heavier rail will give a greater re- 
turn for one dollar than the lighter sections, and the additional 
dollar spent for stiffness and strength in the first cost, will earn 
greater revenue than any stability gained by continual tamp- 

Table XVI ^ 

ANALYSIS OF THE COST OF RAILS 



1 


2 


8 


4 


5 


6 


1 


8 


9 


=■1 


•1* 

III 




Ig 
in 




^1 


I. 

if 


*2 • 

1? 


^1 

is*" 


85 


66 


$1680 


.49 


t8.429 


« .70 


.586 


$2,870 


88.6 cU. 


40 


64 


1920 


.64 


8.000 


.80 


.716 


2,684 


89.4 •* 


45 


72 


2160 


.81 


2.667 


.90 


.854 


2,580 


94.8 " 


50 


80 


2400 


1.00 


2.400 


100 


1.000 


2,400 


100.0 *' 


55 


88 


2640 


1.21 


2482 


1.10 


1.154 


2,288 


104.9 •* 


60 


96 


2880 


1.44 


2.000 


1.20 


1.814 


2.191 


109.5 " 


65 


104 


8120 


1.69 


1.846 


1.80 


1.482 


2.105 


114.0 " 


70 


112 


8860 


1.96 


1,714 


1.40 


1.656 


2.028 


118.8 " 


75 


120 


8600 


2 25 


1,600 


1.60 


1.838 


1.959 


122.5 •* 


80 


128 


8840 


2.56 


1,500 


1.60 


2.988 


1.897 


126.5 " 


85 


186 


4080 


2.88 


1,416 


1.70 


2.150 


1.866 


128.6 ** 


90 


144 


4820 


8.24 


1.828 


1.80 


2.801 


1.886 


180.6 ** 


95 


152 


4560 


8.61 


1,260 


1.90 


2.466 


1.802 


182.0 " 


100 


160 


4800 


4.00 


1.200 


200 


2.684 


1,798 


188.5 •• 


105 


168 


5040 


4.41 


1.183 


2.10 


2.798 


1.781 


184.4 •' 


110 


176 


5280 


4.84 


1.090 


2.20 


2.954 


1,760 


186.1 •• 


115 


184 


5520 


5.29 


1.045 


2.80 


8.120 


1,751 


186.9 •* 


120 


192 


5760 


5.76 


1,000 


2.40 


8.282 


1,748 


187.1 *' 


125 


200 


6000 


6.25 


960 


2.50 


8.621 


1,741 


187.8 " 


180 


208 


6240 


6.76 


928 


2.60 


8.601 


1,782 


188.5 *' 



ing and aligning. The terms, light and heavy rail, are relative 
terms, and in 1890 a 40-pound rail would be called light, 50 
medium and 60 heavy when applied to electric roads. In 
1895, 45 would be called light, 60 medium and 72 heavy. In 
1900, 60 to 70 were the average weights of rails used in good 
construction. In 1905, 60 was the light rail and the heavy rails 
have gone up to 137 pounds in city construction. These figures 
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clearly demonstrate the evolution of practice in regard to the 
purchase of stiffness and strength, as against track main- 
tenance. 

The recently constructed interurban roads are using rails 
varying from 60 to 90 pounds depending upon the weight and 
speed of equipment, and the character of the road-bed. The 
70-pound rail is the average practice with a 50,000-pound 
equipment, with a schedule speed of 20 miles an hour, and a 
maximum speed of 40 miles ; and the 74-pound section is being 
extensively used by roads having a scheduled speed of 30 miles 
per hour, and a maximum of 50 miles. Eighty to ninety pounds 
is the weight used where 60 miles per hour is the maximum 
sx>eed attained. 

Many roads are now suffering from a short-sighted policy in 
using the light rail, and about the only solution for this 
dilemma is to relay the whole track with a rail the weight and 
cost of which will decrease the maintenance charges by an 
amount suflScient to make the new investment profitable. 

More recently the interurban roads have realized the im- 
portance of good ballast and have found that a heavy rail laid 
on insufficient ballast is almost as bad as a rail ordinarily con- 
sidered too light. One manager of a well-known interurban 
road has stated that, within reasonable limits, good balMst is as 
important as weight of rail, and that good service can always 
be obtained from a comparatively light rail if well ballasted. 
It only goes to show how careful the engineer must be in order 
that expenditures should be so distributed as to get the most 
economical result, for it is as easy to buy too heavy a rail and 
no ballast, as it is a light rail and rock ballast. 

The question as to whether rails 60 feet in length are to be 
preferred to those 30 feet long cannot be said to have been 
finally decided. 

The principal advantage of the 60-foot rail is that it halves 
the number of joints, which produces a smoother running track, 
gives an improved conductivity due to the less number of joints 
to be bonded, and saves expense of both joints and bonds. Its 
disadvantage is its liability to expand and buckle slightly, thus 
throwing out the gauge of the track. It has been used with 
varying results. It cannot be said to be successful where it 
is entirely above ground and subjected to all the changes in 
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temperature and the rays of the sun. Much trouble has been 
experienced with it under these conditions. In paved streets, 
however, where it is below the surface of the pavement it is 
not subjected to the extremes of heat and cold, and while there 
have been failures in this ease, there are also many examples of 
its successful use. This is especially true where the rails are 
laid in a modern pavement, strongly tied together and imbed- 
ded in concrete. 

The sections of track which have been found to ^ive the best 
results are those which have been laid when at or near the 
maximum temperature that they would attain, and the joints 
laid abutting together, which makes the gap at other tempera- 
tures the minimum. There is less liability of a 60-foot rail 
creeping than a 30-foot. Recently there have been some com- 
promises where a 40- or 45-foot rail has been used, and also 
experiments with a light rail cast welded in 500-foot lengths, 
with slip joints every 500 feet. The latter was tested three 
years after it was laid down, and less than one per cent, of the 
joints were found broken. 

Considered as a conductor, manganese increases the resist- 
ance of the rail, and .29 of one per cent, manganese will 
reduce the copper equivalent of a rail from 1,000,000 c. m. to 
790,000 c. m. High manganese rails used near power stations, 
or having a high current density, can often be profitably sup- 
plemented by copper ground return conductors in order to re- 
duce the total potential drop. In damp places and tunnels 
high manganese rails show greater depreciation from rust than 
normal steel rails. 

It is usual in specifications for rails to stipulate certain re- 
stricting limitations in regard to the general dimensions and 
the method of manufacture, especially with regard to the finish- 
ing passes through the rolls. The rails should only pass 
through the rolls for finishing when they have reached a uni- 
form temperature. The specification generally cites how many 
rails under length, and how many rails over length, and how 
many in each case will be accepted per each hundred tons. In 
order to limit the cross-section dimensions, the dimensions of 
the head, web and foot of the rail are determined by the varia- 
tion of dimensions found in any one rail, and the variations 
found between anv rails delivered under the same contract. 
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The straightening of the rails, and a clause to prevent the mills 
from rushing the metal through the rolls, or ^'squirting it 
through," as rapid rolling is called, should Ve included. The 
limitations as to cross-sections will prevent the mills using rolls 
after they are worn too much to produce a rail within the 
specified limitations. The above clauses in the specifications 
are essential, for the careful handling of the rails in the rolls 
increases their life and toughness, and the adherence of the 
rails to the cross-section dimensions gives a better fit to the 
bearing surface of the angle plate, thus holding the joints in 
better alignment. 

Steam roads have obtained a guarantee of five years on the 
rails delivered by the mills, both in regard to wear and break- 
age. Electric roads, in some cases, have obtained the same 
concessions. 

It is often customary to furnish a print with the specifica- 
tions showing the location and drilling of the bolt holes for the 
fish-plate bolts. A punched hole increases the liability of the 
rail to fracture at the joint in service, and is not considered 
good practice. The size and location of the bond terminal holes 
is also sometimes specified. These holes should be bored at 
least ^ of an inch smaller than the shank of the bond to be 
used to allow for reaming and cleaning the contact surface. 
In city work the location of the tie rod holes is also specified, 
but the punching of the foot of the rail for receiving the spike 
to prevent creeping has been discontinued, and is considered 
bad practice. 

Formerly the life of rails on both steam and electric roads 
was limited by the life of the joints. This is true to-day to a 
great extent on steam roads, and to a lesser extent on street 
railways. It is due to the instability of the joint itself, and to 
the insecure foundation under the joint. In time the trafiic 
loosens the joint, and the pounding of the wheels unsettles the 
ballast under the ties near the joint, and causes ^4ow joints," 
which, if allowed to continue in this condition, results in the 
ends of the rail head becoming battered, so that no raising of 
the ends by tamping beneath the ties can bring them back to 
their former condition. The life of the rails is thus ended, 
though some roads utilize the rails further by cutting them 
off back of the bolt holes and redrilling. 
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T-rails on iaterurban roads are ordinarily joined by the usual 
4-bolt, or 6-bolt, angle splice bare. These are usually laid 
BUBpended, that ia with a tie under each end of the joint, but 
none directly under the break in the rail. To give a long life 
the nuts must be frequently tightened, as is always done on 
steam roads, but often neglected by interurban roads. In 
paved streets joints formerly gave much trouble because of the 
difficulty in getting access to the joints to tighten them, and 



Fio. SO.— Bolted JoioU with Splice Bars. 

it became imperative to design a joint which would remain in 
proper condition without attention throughout the life of the 
rail. The depth of the heavy girder rails made it possible to 
design a bolted joint with splice bars, which, combined with a 
concrete foundation beneath the ties, accomplishes the result 
desired. Fig. 20 shows this joint. 

The joint is frequently the weakest point in interurban track 
construction, and the life of a rail depends largely on, and is 



Pig. ai.-AtlBB Joint. 

sometimes limited by the character of the rail joint. This 
difficult mechanical problem has been met in many ways, and 
gives quite a variety of choice as to what is the best joint to use 
under given track conditions. 
As the rail has to move in reference to its splice bar in ex- 
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posed track, due to expansion and contraction, either the hole 
in the fish-plate has to be elongated parallel to the length of 
the rail, as in ordinary practice, or the hole in the rail has to be 
inade larger to provide for this change. In some of tbe best 
track recently laid the flsb-plates were drilled with a hole in 
which the bolt could be inserted with » light tap of a hammer, 



Fio. 22 — ContiDuous Rail Jobt. 

the clearance being given in the hole of the rail to allow for 
the expansive movement. This construction has been found 
valnable especially in laying rails on bridges, to prevent creep- 
ing, where it is especially liable to happen, and also prevents 



Fio. 28— Weber Joint. 

strains being thrown on the bridge. Splice bars, when they 
are punched, are often found to be out of true, and they should 
be specified straight, for the efficiency of the joint depends upon 
their being in contact along their whole bearing surface. 

There are a number of patented joints in use designed to 
give rigidity to tbe joint, which have been very successful and 
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are widely used, both for steam and electric roads. The Atlas 
joint (Fig. 21) has bolts passing underneath the webs between 
the side and foot of the joint. The continuous rail joint (Fig. 
22) has the support provided by an ordinary fish-plate, and 
also lips extending underneath the rail, and in intimate con- 
tact with the bottom of the base of the rail, and where these 
joints have been designed to fit the section of the rail used, 
they have given excellent service both on exposed rail and in 
pavement. The Weber joint (Fig. 23) combines both the fish- 
plate construction and an angle base plate through which the 
fish-plate bolts pass, a cushion of hard wood being used as a 
filler between the inside of the angle bar and the rail. Both 
the last two joints have been used extensively in steam and 
electric road practice. 

City Roads 

Track construction in streets provided with modern im- 
proved pavements has passed through many changes neces- 
sitated by the increase in traffic and weight of the cars during 
the past ten years. Not only have rails increased in weight, 
but it has been realized that the most important problem is a 
proper foundation. Perhaps ten years ago if the cost of the 
present construction in many of our large cities had been men- 
tioned, it would have been thought out of the question. • But 
experience has proved that to obtain good results and a reason- 
able life, expense must be incurred. 

At one time sheet asphalt pavements were laid on a gravel 
or sand foundation ; the result was a life of not over five years. 
Now with six inches or more of concrete beneath it the pave- 
ment lasts three or four times as long under average condi- 
tions. The same thing applies to the foundation for the track 
irrespective of the type of pavement. 

In most cities the railway company is required to pay the 
cost of and maintain the pavement included in the space occu- 
pied by their tracks, and about two feet outside. The main- 
tenance of track and pavement is thus combined, and it be- 
comes a problem in economics to provide a structure which 
is as permanent as experience renders possible. 

This has led in many cases to the adoption of the so-called 
concrete beam construction. In this method wooden ties are 
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sometimes used only to hold the track to gauge. That ia, they 
are spaced 10 or 12 feet apart and provided with braces or 
chairs to hold the raila. The load is carried on a continuous 
beam or girder of concrete immediately beneath each rail and 
in contact with it. In some instances these beams have given 
trouble by breaking due to lack of strength where the earth has 
given away under tbem. But various expedients for stiffening 
the beams have been employed and by making them of sufficient 
size excellent results have been obtained. It is perhaps too 
early to say what the life of this construction should be, but it 
is thought to be fully equal to that of the rail. 

The following illustrations with accompanying explanation 
show current practice in some of the largest cities. 

Fig. 24 shows the construction now in use in Indianapolis, 
Ind. Wooden ties are spaced 12 feet apart. The concrete 



FiQ. 34 —Track Coastruction Used Id ludlanapolis. 

beams for supporting the rail extend about 11 inches below the 
base of tbe rail and are. 18 inches wide at the base. The pecu- 
liarity of this construction lies in tbe anchor bolts holding the 
tie plates for the purpose of preventing the rails from kicking 
up under the traffic. The pavement here shown is brick or 
concrete. 

In recent construction in Cincinnati, Ohio, the trenches were 
taken out 18 inches below grade, and nine inches of concrete 
was tamped under the base of the rail. Tbe form of girder 
was that of a longitudinal truncated pyramid, 18 inches wide 
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at the base, 16 inches on top and 15^ inches high, leaving 2^ 
inches between the top of the concrete girder and top of rail. 
This space was filled with asphalt, the entire roadway of the 
street being paved with this material. It is thus seen that 
the rails were nearly buried in the concrete beam. Ties 6 
inches x 8 inches x 8 feet were placed every 12 feet, and tie 
rods every 6 feet. The forms were held together at the top by 
U-shaped iron bands. The cost of this double track construc- 
tion exclusive of rails and ties was {3 per lineal foot. In 
general it has been found not advisable to permit an asphalt 
pavement to come in contact with the rail, but concrete forms 
such a large proportion of this construction that no bad results 
are anticipated. 

Fig. 25 shows a form of construction used in Philadelphia 
which is one of the best. As will be seen from the illustra- 
tion each rail rests upon a beam of concrete 18 inches wide at 
the base and has a depth of 22 inches below the surface of the 
paving. The two beams are joined by a bed of concrete 6^ 
inches deep extending across the track. This mass of con- 
•crete is continuous along the track, and at intervals has im- 
bedded in it reinforcing rods crossing the track from rail to 
rail with their ends bent down into the side trenches to gain a 
firm anchorage. One of the principal features is the use of 
special iron yokes placed at intervals in the concrete beneath 
the rails. These are provided at the upper ends with guide 
lugs, in which are adjusting screws. These screws bear against 
holding blocks that grip the base of the rail, thus making it pos- 
sible to adjust the rail to exact gauge by means of the screws. 

In laying the rails the trench is first excavated and surfaced. 
Temporary cross ties are then placed at intervals, the rails 
laid on them and roughly brought to gauge. The rail is 
clamped to the ends of these temporary ties by means of clips 
and nuts, because it was found advisable to cover the tops of 
the ties by a channel iron. After the rails are thus secured 
the side trenches for the concrete beams are dug, and when the 
yokes are hung in place on the rail, the work is ready for the 
•concrete. Fig. 26 shows it in this condition. 

In attaching the yokes, shims are placed between the base 
of the rail and the top of the yoke. These shims as well as the 
temporary ties are removed after the concrete is in place. The 
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object of the shiuiB is to prevent the yokes from becoming the 
sole points of support for the rail because of the fact that con- 



SR?S 



I'^ij^llU 



FiQ. 26.— PliilttilelpiiiB Track Coiislrucrion Ready for Concrete. 

Crete shrinks in setting and would draw away from the rail. 
But the removal of the shims allows the concrete to be a con- 
tinuous support, while the anchor bolts in the yokes hold the 
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Fia. 37.— Method of Paviog between Ralls 




rail down and anchor it firmly. This construction is admir- 
ably Biiited to prevent the heaviug of the rail in waves, as is 
sometimes the case, due to vertical expansion. 
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In Buffalo, N. Y., two forms of track constrnctton are em- 
ployed both of which depend mainly on concrete to support the 




Fig. 26.— Track Construcliou Used id CleTeUnd, Ubiu. 



Fio. SO.— Track CoDslniction in Asphalt PavemeDt In Milwaukee. 

rails. Where granite hlock paving is permitted the fnll width 
of double track, including devil strip, the track is supported 
on a solid bed of concrete extending about eiglit inches below 
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the base of the rail. The track is held to gauge and partiallj 
supported by ties placed every 5 feet. Every other tie is metal, 
the others being of wood. 

In places where asphalt paving is laid in the devil strip the 
concrete beam form of construction is employed. A wedge- 
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Id Oraoiu and Brick. Sr. Paul and HlDneapolis. 



FiOB. 80 aod 81.— Track Conslriiction Uaed in BatDe Creek. 

shaped beam of concrete 18 inches wide at the top, and 8 inches 
deep, is laid under each rail. TieS' are placed every 5 feet. 
Concrete is tamped under every other tie at the time the con- 
crete stringers are laid. The remaining ties support the track 
during construction when the concrete is being laid, and are 
tamped with broken stone. The paving between the rails in 
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• 

this case is supported simply on sand foundation except where 
it is above the ties. Fig. 27 shows both forms. 

Fig. 28 shows a form of construction in use in Cleveland, 
Ohio, which explains itself. 

Fig. 29 gives plans and sections of the standard track con- 
struction in asphalt and in brick pavement in Milwaukee, Wis. 
Track is laid on wood ties, with 6 inches of concrete tamped 
under each, and the paving foundation is also 6 inches, of 
concrete as shown. In asphalt streets granite toothing blocks 
are laid along each rail. 

Figs. 30 and 31 shows track construction employed by the 
Twin City Rapid Transit Co., and also that used in Battle 
Creek, Mich. 

Cast-welded Joints 

The results of the experiments show that the cast-welded 
joint is a success, and the joint is now applied to many miles 
of rails in pavement in the United States. Engineers now 
thoroughly understand, as they did not five years ago, what is 
necessary in order that the weld made at the joints of the rail 
will form a molecular integral connection between the casting 
and the rail itself. It has been found that the perfection of 
this weld does not so much depend on the composition of the 
cast metal, which is usually pig-iron, as it does on bringing the 
rail surface to such a temperature that it will amalgamate with 
the cast-iron surrounding it. 

This temperature is attained in several ways. The usual 
method is to employ a sufiicient mass of metal around the 
joint so that the actual thermal units are sufficient to raise the 
temperature of the rail to the required point. Where a sand 
mold is used around the joint the sand chills the outside iron, 
and rapidly reduces the total heat in the cast joint, so the 
weight of the metal around the joint has to be increased until * 
sufficient molten metal has been poured into the joint to effect 
the amalgamation required. 

An expedient to reduce the mass of metal required, devised 
by Mr. Hoffman, is to put an iron sheath instead of a sand 
mold around the joint. This sheath is supported by the rail 
against the joint, and the space between the sheath and the 
joint is poured full of metal. This reduces the conduction of 
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heat from the mass of molten metal^ and allows an integral 
weld to be made with less weight of metal per joint. 

Another method, devised by Mr. Annable of the Grand 
Rapids Railway Co., is to allow the metal to overflow 
the mold on the opposite side from the pouring side. In this 
way the temperature of the joint can be brought up to the 
required degree with a small mass of metal. The overflow is 
afterwards broken off and remelted again for other joints. 
This weld is made an inch or so below the head of the rail, a 
method which has the advantage of not bringing the head of 
the rail in such close contact with the molten metal and thus 
run the risk of annealing it. 

It has often been assumed that all rails could be cast-welded, 
and this erroneous impression has caused a number of failures. 
Some rails have a composition which will anneal at the tem- 
perature attained with the welded joint, and others will not. 
It seems to be a fact that those rails which are high in man- 
ganese and low in phosphorus are self-hardening, that is, they 
will harden again on cooling, but that a low-carbon rail will 
anneal under the heat of cast-welding. This will cause a soft 
joint, which will soon be pounded to a flat joint (or the metal 
will flow) by the passing over it of the wheels. For this reason, 
before deciding to lay cast-welded joints, it is desirable first 
to test the rail for its self-hardening qualities, to determine 
whether it is of proper composition. 

The cast- weld has been generally admitted, since 1898, to form 
an electrical connection between the rail ends, which, as a 
rule, is lower in resistance than an equal length of rail, pro- 
vided the weight of the metal around the joint is two and one- 
quarter times that of the weight of rail per yard. But it is 
found bv test that the resistance will increase toward the end 
of a pour, if the temperature of the metal is not maintained. 
Cast-welding the rail-joints of a track will not insure the per- 
manency of its alignment, unless the rails are held in the pave- 
ment and concrete, so that no longitudinal motion of the rails 
can take place. In laying road-bed designed for cast-welding, 
therefore, it is essential that the grouting and concrete against 
the rail be properly applied, and well tamped immediately 
under the foot, and around the web of the rail. It has also 
been found that in mixing this concrete a cement, high in lime, 
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will produce a greater cohesion between concrete and rail 
than ordinary cement will give. Experience has also shown 
that the best results in cast-welding have been obtained when 
the pavement has been laid complete, except at the joints, be- 
fore welding, and then completed after welding. If the joints 
are cast on open track and the paving then laid, the difference 
in temperature between morning, noon and night is sufficient 
to warp the track, so that it is difficult, if not impossible, then 
to align it without cutting the rails. 

Welding up special work, and welding the main track with 
the special work, are directions along which developments 
should be made in order that the electrical and mechanical 
continuitv of the rail shall be insured. 

Breakage is largely a question of sub-ballast and pavement 
condition. It is largest in asphalt pavement and lowest with 
granite paving or toothing block set in concrete. In about 40 
miles of the former class of paving 4.8 per cent, breakages after 
four years' service have been found. The reason for breakages 
in asphalt is that the dark surface of the asphalt absorbs heat 
readily, which, in turn, is transmitted to the rail. The stress 
to which the rail is subjected on this type of pavement is 
also much larger than with the less absorbent granite block 
or brick. Wood block pavement is hardly a pavement in which 
a cast- weld can be successfully applied, as there is no founda- 
tion to which to secure the rail to prevent longitudinal expan- 
sion, due to temperature changes. 

The number of broken cast-welded rail-joints averages about 
two per cent, of the total, at the end of three years. The joints 
at which the welds are found most liable to break are at the 
ends of tangents and at top of the grades. 

For the purpose of prolonging the life of a light rail in a 
poorly paved street, cast-welding is certainly an electrical im- 
provement, but to weld the joints for the purpose of improving 
the wearing qualities of the track is of doubtful mechanical 
and commercial value. 

The following tables show the cost of electric welding under 
the method employed by the Lorain Steel Co. while they were 
carrying on the work for the Public Service Corporation of 
New^ Jersey in Camden, N. J. 

Table XVII shows a summary of the cost of electrically weld- 
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ing these joints, including contract price of f5.25 per joint. 
Table XVIII shows the cost per joint, type of paving, type of 
rail section and number of joints welded on each of the five 
streets on which the work was done. As will be seen from these 
tables, the cost per joint varies from |6.632 to f 10.438, with an 
average of f 7.635. This price, however, should be considered in 
connection with the maintenance charge of the joint with which 
this price is compared. It is estimated that the life of the 
welded rail on the Haddonfield Pike will be eight years, 
whereas during the last two years with angle plate joints this 
track has cost the company about |1 per joint each year for 
tightening bolts and shimming. This maintenance work has 
only temporarily relieved the situation, for each year the joint 
has been worse, and it was estimated that at the end of four 
years the rail would have been so bad at the joints that the 
track would have to be relaid. In other words, it is expected 
that in this particular case, by electrical welding, the life of the 
rail will be practically doubled at a less cost than would have 
been required simply for maintaining angle plate joints during 
the life of the rail. 

Table XVII 

COST OF BLECTRICALLT WELDING 3,087 JOINTS IN CAMDEN, N. J. 

Cost of labor $7,081.24 

Cost of material 581.00 

$7,612 88 

Credit from sale of old fish-plates and 

bonds 2.816.59 

$ 4,795.74 

Cost of welding 8.087 joints, at $5.25 each 16,206.75 

Cost of replacing asphalt, 899.6 yds., at $2.58; 117 yds. 

at $2. 51 2,569.65 



Total cost of operation $28,572.14 

First cost per joint, labor 2,277 

First cost per joint, material .188 

First cost per joint, labor and material 2.465 

Cost per joint. labor and material, after credit is deducted 1.553 

Final cost per joint, all labor, nwterial, welding and asphalt 

charges 7 ^ffl ff. 

Cost per mile under similar conditions. 80-ft. lengUis 2,687.52 

Cost per mile under similar conditions, 60-ft. lengths 1,848.76 



RAILWAY TRACK CONSTRUCTION 63 

Table XVIII 

COST, PAVING AND RAIL SECTIONS ON THE DIFFERENT STREETS 

HaddoDfield Pike, 7-in. girder (P. S. Co. section No. 238 and 

Cambria No. 824); rubble stone on sand, 989 Joints $6,684 

Moorestown Pike, 9-in. girder and 7-in. girder (P. S. Co. sections 288 

and 200); rubble stone on sand, 1.128 joints 6.704 

Broadway, 7-in. girder (P. S. Co. section No. 238), asphalt between 

rails and part of shoulder, Belgium block along rail, on 6-in. 

concrete, 715 joints ; Eaighn Avenue, 7-in. girder (P. 8. Co. 

section No 238), bricks between rails and shoulder, on 6-in. 

concrete, 64 joints ; total, Broadway ajid Eaighn Avenue, 

779 joints 10.488 

State Street and River Road, 7-in. girder (Cambria section No. 884); 

rubble stone on sand, 191 joints 6.632 

Average cost per joint, 3,087 joints 7.635 

Below are given data concerning the cost of cast-welded 
joints. The operating wages, repairs and supplies contain a 
small percentage of increase over actual costs to cover general 
depreciation. The 2,414 joints were applied to rails ranging 
from 5 inches to 7 inches in height. In addition to these 
figures about fl.OO per joint must be added for the cost of 
opening and closing the street, i. e., the removal and replace- 
ment of the pavement at the joints. 

Table XIX 

DATA ON 2,414 CAST-WBLDBD JOINTS 

Per Joint 

Operating wages $1,690.78 $ .669 

Repairs 704.83 .293 

Power and lighting expenses 40.10 .016 

Supplies 8041.30 1.260 

Injuries and damages, 6 per cent 362.10 .160 

Interest, taxes, insurance 288.00 .119 

Miscellaneous 653.35 .271 

$6,680.46 $2,767 

The Lorain Steel Co., who contract to make electrically 
welded joints, ask from $5.50 to $6.00 per joint including 
all expenses. The number of joints determines which shall be 
the contract price. 

Thermit-welded joints, made on a rail of average size, will 
cost about $4.50, of which the chief share is the price of the 
thermit welding material. To this should be added $1.00 t 
$1.25 for opening and closing the street. 



^ 
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Rail Bonds 

A question always asked is, what is the best bond? The 
answer is, the best workman makes the best bond. The care 
exercised in applying them may make them effective connec- 
tions or so much junk. Certain points are essential ; with the 
best care bonds should not be put in in damp or wet weather, as 
any moisture will start corrosion. 

The mechanical joints as electrical connections stand in the 
following order: the electrical weld gives the most uniform 
resistance, running about the same as the rail, depending upon 
the size of the splice bar used ; the cast weld varies as the tem- 
perature of the metal which determines the degree of amal- 
gamation, the joints in succession gradually increase in resist- 
ance as the temperature of the metal falls. In one heat, with 
more than one pouring in, a joint increases its resistance. 
Thermit joints tested appear very well, although enough have 
not yet been tested to determine their exact location in the 
scale, but they are not superior to the electric weld. In re- 
gard to the mechanically placed bond, it can only be said gen- 
erally that when these bonds are installed by the line depart- 
ment, they give better results than when installed by the track 
department, and when one man has charge of and is responsible 
for all bonding, its installation and testing, markedly better 
results are attained than where it is done in a haphazard 
fashion by the track gang. 



CHAPTER IV 
LOCATION OF THE POWER STATION 

In the location of the power station a number of facts have 
to be considered in order to determine, from both the engineer- 
ing and operating standpoint, what will be the best situation 
available. The general solution is to have the power station in 
the center of distribution of the territory over which it sup- 
plies power. The geographical center need not necessarily be 
the electrical center, for grades at one end of the system, or a 
more frequent schedule here or there will both tend to move 
the station away from the geographical center and nearer the 
distribution center of the system. Where substations are used 
to extend the area of distribution for a power station, and the 
latter serves only a small portion of the system by direct cur- 
rent, the copper values are not such an important element, and 
the station can be located in reference to facilities for obtain- 
ing water, coal and other conveniences. 

The necessary conditions existing at the point selected, in 
addition to an abundant and suitable water supply, and the 
delivery of coal at a low cost without rehandling, are that 
proper foundations can be secured without unusual difficulty 
or high cost; that land shall not be too high in value and the 
location not so far removed that the cost of distribution would 
be excessive. Often in the past a power station has been located 
at a certain point because of the low cost of land, and this 
was the determining factor, whereas the other investments, 
which vary with the location, may cause greater expenditures 
than the difference in the cost of land at the place proposed, 
and the cost at a more suitable location. The profit arising 
from a proper location would be found in the reduced operating 
and transmission expenses. 

In order to clearly understand the commercial value of these 
variables from which the best average power station location 
can be determined, the earning value in dollars for each avail- 
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able location should be determined separately. The land on 
which the station is to be located should have sufficient sta- 
bility to sustain the foundations and structures, and an exami- 
nation should be made by means of borings to determine the 
character of the subsoil, in order that capital will not be wasted 
in attempting to erect a structure on ground that is unable to 
carrv it without excessive foundation cost. The value of the 
soils in relation to the pressure in tons per square foot which 
they will safely bear is as follows: 

.. . ma l^ BeaHog preflsnre, in tons, 

Character of Soil. p*, %^^^ Tiot. 

Hardrock 26 to 8B 

Rock, soft 5 to 10 

Clay on thick beds, dry 4 to 6 

Clay on thick beds, medium dry 2 to 4 

Clay, soft 1 to 2 

Gravel, coarse aticl well cemented 8 to 10 

Sand, compact 4 to 6 

Sand, clean and dry 2 to 4 

Soils in quicksands 5 to 1 

These values may vary in different parts of the ground on 
which the foundation rests, and where the mjlchinery and walls 
will require a soil resistance of over two tons per square foot, 
care should be exercised in determining their actual bearing 
values and reliance not be placed on an empirical value. Often 
the cost of the foundations is greatly increased owing to the 
difficulty in obtaining uniform stability of building walls and 
internal foundations due to the inequality of the bearing- 
surface of the soils underlying the proposed station. The 
commercial value of the site may be greatly reduced due to 
these physical conditions of the subsoil. 

Filled-in ground, wet, fine sand and quicksand, should also 
be considered in view of the vibratorv character of the load 
they w^ill have to sustain. When the ground conditions are 
not suitable for station foundations they should be adopted 
only in case of necessity, for foundation costs have in some 
cases exceeded the cost of the whole of the remainder of the 
station structure, whereas normally they do not exceed 16 per 
cent, of the cost. In such cases the land cost could be doubled 
at a profit if normal foundation conditions were offered. In 
two cases an undiscovered soft spot on the foundation line 
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cost the company a large portion of their capitalization to 
overcome the diflSculty, and seriously jeopardized the future of 
the undertaking. These points are brought up in order to em- 
phasize the necessity of care in the preliminary steps toward 
locating a station, and nothing should be taken for granted by 
the careful engineer. The foundation cost is not reflected in 
the future operation of the property unless it is faulty, and a 
maintenance charge has to be made. 

The water supply is a question which has a direct influence 
on the selection of the type of boilers and engines which will 
be used, and on the economy that can be anticipated from 
operation. The water demand varies with the kilowatt out- 
put of the station. Table XX is given showing the water re- 
quired at ordinary efficient temperature. Column one gives 
the least possible quantity of water that would be sufficient by 
using the water over again, with surface-condensers, skimmed^ 
and fed back into the boiler. Column two gives the least 
water required when using free exhaust. Column three 
gives the least water supply for boiler-feed and air-cooled 
condenser. Column four gives the least water required for 
boiler-feed and water-cooled condensers where condensing water 
is discharged. 

Table XX 



Daily StAtlon 

ontpnt in kw.-hr. 

based on 20 hours 

operation. 



1,000 

1,500 

2.000 

4.000 

5.000 

7.000 

10.000 

25,000 

50.000 

75,000 

100.000 

200,000 

300.000 

400,000 

500.000 



Water required 

in en. ft. per 

20 hrs. wlien 

condensed, 

skimmed and 

used overagain. 

31 
46 
59 

115 

140 

198 

247 

604 

860 
1,450 
1,755 
3,600 
4.800 
6,200 
7.600 



Least wnter for 
boiler-feed in ca. 

ft. per 20 hrs. 

when nsinf; free 

exhaast. 

630 

920 

1.180 

2,300 

2,800 

3.960 

4,950 

10.090 

19,200 

29,000 

35 100 

72.000 

96,000 

124,000 

152,000 



Water required 
in cu. ft. per 20 
hrs. for boiler- 
feed and air- 
cooled 
condensers. 

94 
138 
177 
345 

420 

594 

742 

1,513 

2,780 

4,350 

5,265 

10,800 

14,400 

18,600 

22,800 



Least water in 

cu. ft. per 20 

hrs. required 

for boiler- feed 

and condensers. 

22.050 

27,300 

85,600 

69,000 

84,000 

118,500 

148,000 

301.000 

578.000 

875,000 

1.050.000 

2.160,000 

2,860.000 

3,710,000 

4,570.000 



These figures include the water required for the auxiliaries 
as well as evaporation and loss in air-cooling. Where a 
natural source of water is to be drawn from it should show 
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this volume, at the low summer or fall flow, passing in twenty- 
four hours, or storage would be necessary to give sufficient 
water. Table XXI gives the size of the pipe which will dis- 
charge varying volumes of water in twenty- four hours at a 
velocity of one hundred feet per second. 





Table XXI 




Diameter of Pipe 


• 


Cable feet 


in inches. 




in 24 tioars. 


1 




770 


2 




2,600 


4 




12.700 


6 * 




29.100 


8 




49.000 


10 




79.500 


12 




112,040 


15 




134.000 


20 




234.200 


25 




1,065,000 


SO 




5,251,000 



Where a considerable storage has to be provided in order to 
use the 24-hour flow for the 20-hour consumption, or to make 
up for a deficient average mean flow, evaporation for this stor- 
age must be allowed for, depending upon the altitude and lati- 
tude of the reservoir. 

The character of the water available should be examined as 
to its value for steaming purposes in respect to any effect it 
would have on the boiler. Waters high in lime and car- 
bonates require more coal to evaporate them than other waters. 
Mountain streams high in organic matter give boiler troubles 
such as foaming, and the concentration of this matter in the 
boiler produces a chemical action on the metal surfaces them- 
selves leading to pitting or the formation of scale. Water 
charged with sulphur also deteriorates the boilers, and piping 
through which they are conducted. The condition of the water 
proposed to be used should be thoroughly determined before it 
is accepted and before the location of the station is definitely 
settled. 

The cost of coal delivery is another important item that bears 
directly on the power station location, and this depends on 
rail or water transportation facilities. The storage room re- 
quired varies, and may be decreased as the facilities for ob- 
taining coal increase. The question of the local handling 
of the coal, whether it can be done directly from a siding into 
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a chute with conveyors, or whether the station can be located 
adjacent to navigable waters so that barges can be unloaded 
directly into the storage bins is most important. Interurban 
roads are making a practice of hauling coal over their o^n 
tracks where the station cannot be located along a steam freight 
line, and use their motor cars or locomotives for this haulage, 
but in some states the steam roads will not allow their freight 
cars to be waybilled or handled over electric tracks. Whether 
this condition exists or not should be determined for each 
locality. The 10,000 kilowatt-hour station will require 11,300 
tons per year of 2,000 pounds, or 376 freight cars of 30 tons 
each. This coal could not be delivered for less than ^^ of a 
cent per ton mile including power, labor and depreciation, or 
167.80 per annum to haul it one mile, or 5 per cent, on $1,356. 

When coal has to be rehandled the price for transporting 
it to the station increases rapidly, and where it has to be 
loaded into cars the price rises to 22 cents per ton mile, de- 
livered. This would increase the price of coal delivery to the 
above station to f2,480, or the equivalent investment value at 
5 per cent, of ?49,600.00. 

In regard to the location of the power station relative to the 
railroad to be operated, the theoretical location or the point 
of maximum economy in copper conductors is that point on the 
system that will be the electrical center of gravity of those 
loads which conform to the maximum schedule. Let us sup- 
pose the current to be ponderable and have a unit weight, the 
center of gravity of the system would be the economical center 
for the point of distribution. Grades, curves, heavier traflSc 
on one end of the road, smaller bonding and rails in one part 
of the system than another, are all factors which determine 
the location of the economical center. The electrical center 
will be distorted from the geometrical center of the system if 
any one of these values rises above the average value. Long 
city stretches, with reduced speed and increased number of 
stops per mile, increase the energy demand required, and con- 
sequently tend to draw the economical point of distribution 
towards this condition. As to speed and stops, they both in- 
crease the average and maximum demand. 

To illustrate how the shifting of the station from this point 
of maximum economy will affect the cost of conductors we will 
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consider as an example a 19-mile road, operating four equip- 
ments at a schedule speed of 19 miles per hour. Without going 
into the detail of the feeder computation here, suppose that 
two 3/0 trolley wires were used the whole length of the road, 
and they were so fed with copper that the mean drop would 
be 15 per cent. ; assume also that the road is level and the load 
symmetrical ; then the geometrical center of the road would be 
coincident with the point of least copper investment. The 
total investment for copper in this distributing system would 
be $25,460. By moving the station one mile away from the 
center of distribution, copper cost |27,400; two miles away 
copper cost f 41,800 ; three miles away, copper cost $68,900. At 
this point we have practically reached the economical limit 
for direct current feed under conditions selected. After feed- 
ing 11.5 miles from the power station with direct feed a booster 
or substation would have to be resorted to, affecting the whole 
investment. The copper could be reduced $26,000 and the 
booster would cost |7,900, making a total investment for the 
next mile moved away from the center of distribution $33,900, 
an apparent capital saving, but the losses inherent in the use 
of a booster in the above case would amount to about |3,800 per 
annum, or the interest on |76,000 capital. This would make 
the total cost of the conductor system where the station is 
located 7.5 miles from one end of the road and 11.5 miles from 
the other end, |109,900, including the copper cost and the 
annual cost of the booster losses. 

In practice the determining of the most economical location 
can only be made by ascertaining the point at which the sum 
of all the investment and operating losses is least. Founda- 
tion and water are the two elements necessary to be present on 
the property or obtainable, the others can be secured by con- 
struction. 

In small plants it has been a good practice to locate the 
car house and repair shop near the power station on account 
of reduced heating cost and the interchange of labor. Car 
house lighting can be done by a small auxiliary unit and in a 
number of ways economies can be effected and expenses reduced 
by the adjacent location of the car house and station. If these 
are located in the center of traffic, it means the least number 
of idle car miles the cars have to be run in order to establish 
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and complete their schedules at the beginning and ending of 
each day. 

The location of the power house in cities involves the same 
conditions as does the interurban location except that instead 
of dealing with an approximately straight line system of trans- 
portation, the system will be distributed over an area. The 
solution is the same, for by considering each line independ- 
ently, and then combining the different centers of gravity found 
it is reduced to the final center, which will be the ideal loca- 
tion from a distributing point of view. But the cost of dis- 
torting the distributing system, due to other conditions which 
necessarily arise in power station location in densely popu- 
lated districts must be determined by the value of the different 
properties available compared with all the variables entering 
into their selection. 



CHAPTER V 
OVEBHEAD CIKCUIT 

OvBRHBAD Construction 

Fbom the time when the first successful underrunning trolley 
wire came into use there have been few changes in the methods 
of construction until recently. Hundreds of miles of trolley 
lines in cities and in the open country are still in operation, 
and others building, with almost the same character of con- 
struction as that in use from 10 to 15 years ago. The principal 
reason for this is undoubtedly that such construction was 
fairly satisfactory in the results obtained and that other prob- 
lems of railroading had to be solved first. 

The cross suspension of the trolley wire has been practically 
unchanged, but when bracket arms came into use the first 
change was to the flexible bracket suspension, for when the sup- 
porting hanger was attached directly to the arm it was too 
rigid and caused serious arcing when the trolley wheel passed 
under it. 

Figure 8 trolley wire was tried to a considerable extent 
where traffic was heavy. It permitted the employment of 
mechanical ears and gave a smooth under surface. One of its 
principal disadvantages was the tendency to turn over or twist 
between supports. It was succeeded by the grooved wire, 
which has all the advantages of the other and none of its faults. 
Numerous improvements have been made from time to time in 
line material, but these have been in the way of better insula- 
tion and greater strength, rather than in any radical change 
in design. It is not the intention to enter into the subject of 
high tension transmission lines for the construction of these 
differs frequently from that employed by the average railway. 

In some of the large cities, especially at the intersection of 
two or more streets, overhead construction is oftentimes com- 
plicated and difficult. Here it is seen at its best, or worst, as 
the case mav be. In a number of cities it is a curious fact that 
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at certain important intersections the overhead work is so bad 
as to be unworthy of the name. At other points, sometimes in 
the same city, the work is so well designed and built that the 
railway company alludes to it with pride. Figs. 32 and 33 
are examples of good designing. Of course much depends on 
the ability to place the poles in advantageous positions. 
Table XXII gives details of construction in the citiea 




Fig. 82. — Overhead CoDstruction at Street Crossing. 



named. Iron poles are used in most cases, and feeders are 
underground in many. No. 2/0 trolley wire is generally used 
though there is a tendency always toward No. 3/0 or 4/0 as 
traffic increases. 

Center pole construction in wide avenues or boulevards is 
frequently used and presents a fine appearance, especially 
where ornamental brackets are used. Side bracket construc- 
tion in cities is used on the sides of streets in residential dis- 
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tricts. Fig. 34 illustrates the type of bracket in use in Cleve- 
land, Ohio. 

Figs. 35 and 36 show the usual style employed on interurban 
roads, though a low tension feeder is frequently carried on 



Table XXII 



OVERHEAD CONSTRUCTION 



Name of Citj. 



Baltimore U't*d 
Hj.A Blec. Co. 
Boston Elevated 

BaffdloRy 

ChicasoCityRr. 
Cleveland Elec- 
tric Ry 

Denver City 
Tramway Co. . . 
Detroit United 

Ry.... 

Indian a p o 1 i s 
Traction & Ter- 
minal Co 

Milwaukee 
Electric Ry. & 

Light Co 

M inneapolis 
Twin City R. T. 

Co 

Philadelphui 
Rapid Transit 
<:o 

Pittabnrg Rye. 

San Francisco 
United Rail- 
roads 

St.LouiMTrandit 

^o« •■■• «••• 



Kind of 

Trolley 

Wire. 



a 

a* 
00 



■» 



Kind and 

Maximum 

Size of 

Feeders 

(Overhead). 



Round 

Round 00 
Round 00 
Round 00 
Round 00 
Round 
Round 00 

Round 00 

Fijr. 8 = 
000 

Fig. 8 = 
00 

Round 00 

Round 00 

All kinds 
in use 

Round 00 



A In. 
Aln- 

96 in. 
A in. 
A In. 
A«n. 

«ln. 
8-11 



A in 

A in. 
A in. 



600,000 cm 

copper 
1,000,000 cm 

copper 
500,000 cm 

copper 
600,000 cm 

copper 
1.000,000 cm 

copper 
500,000 cm 

copper 
1,000,000 cm 

copper 

600,000 cm 
copper 



600,000 cm 
copper 



1,500,000 cm 
aluminum 

1,000.000 cm 
cupper 

1,000.000 cm 



Lightest Poles 

for Straight 

Line Work. 



5-4 in. 



900 lb. 7-6-5 in 
<£» lb. 7-6-6 in. 



• •••••• I 



675 lbs. 

600 lbs. 

850 lbs. 8-7 in. 

9151b8.8-7-51n. 



7-6-5 In. 
545 lbs. 6-5 in 
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the pin-marked telephone in the illustration. The bracket arm 
is l^-inch or 2-inch iron pipe and the top brace a ^-inch iron 
rod. 

Some roads prefer a bracket with a lower brace added as 
shown in Fig. 37, but this form is probably not used as much 
as it formerly was, on account of the under brace being con- 
sidered unnecessary. 
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Fig. 38 illustrates the standard construction of the Chicago 
and Milwaukee Railway on their interurban lines and is a fair 
example of standard construction for double track span work 
in the country. 

A not uncommon practice on single track interurban lines 
is the placing of two trolley wires on the same suspension about 
6 inches apart. Cars all use the right-hand wire looking 
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Fio. 84.— Type of Bracket Used at Cleveland, Ohio. 



ahead, so that those running in opposite directions use differ- 
ent wires. This eliminates all overhead frogs, as one wire leads 
over the turnouts while the other remains in the main line. 
The extra copper can be deducted from the feeders so that it 
is but a small extra expense, besides the line is not so easily 
tied up if one trolley wire breaks. Fig. 39 gives details of such 
a construction. 

A grade crossing with a steam road is objectionable and 
dangerous, but circumstances render many of them necessary. 
The trolley wire must be raised to a height of 22 feet or 23 
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feet, which reduces the pressure of the trolley wheel on the 
wire, rendering it more liable to leave the wire at a critical 
time. To guard against this there is in use in some states an 
arrangement similar to that shown in Fig. 40. It consists of 
an inverted semicircular metallic trough, usually sheet iron, 
through which the trolley passes in electrical contact with the 
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top of the trough. The trough is thus kept alive and the 
wheel rolls within it on its flanges. This adds greatly to the 
safe passage of such crossings. 

The question of lightning arresters on interurhan lines is 
generally of considerable importance. It is not so much 
which arrester to use, for there are several good types, but 
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bow many, and how to properly install them. As an example 
of experience a certain interurban road was built entirely on 
private right of way. Rails on the ties were above the ballast 
and but few t-hances existed for good contact between rails 
and ground. One arrester per mile was installed and the 
ground wire bonded to the rails. The first severe lightning 
destroyed most of the arresters. The agent for the arrester 
said there were too few, they ought to be 1,000 feet apart, 



which advice was correct provided the company desired to 
invest in so many, and also provided they were properly 
grounded. 

It was decided to ground them as follows : The tap was taken 
off the rail and the No. 6 ground wire was wrapped around the 
end of a ^-inch galvanized iron pipe about 10 feet long and 
soldered. A hole about 3 feet deep and 1 foot diameter was 
dug and the pipe driven down throngh the bottom until its top 
was about flush with the surface of the ground. The hole was 
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then filled in with charcoal and thoroughly wet down. Ad- 
vantage was always taken of small streams and damp places 
in locating the grounds, which were as close as convenient to 
the pole carrying the arrester. Little trouble was experienced 
thereafter. 

Arrester grounds are usually specified as consisting of from 
2 to 4 square feet of sheet copper to which the ground wire is 
soldered and buried in charcoal or coke, which should be damp. 
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Fig. 38. — Staadard Constructioii of Chicago and Milwaukee Railway. 



This method is possibly better than the above, but all are not 
willing to go to such expense and trouble necessary for the 
line arresters. 

One most important change in the character of overhead 
construction is the importation of the catenary suspension. It 
is a natural result of the demand for high speed and the neces- 
sity for high tension in the working conductor. With the old 
construction heavy strains were necessary in order to get the 
trolley wire taut enough for the trolley wheel to have a reason- 
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able cbance to stay on, with consequent risk of breakage 
everywhere aod of jarring hangers loose, or of jumping the 
wire near the hangers and knocking them off by a blow of the 
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DiTwi OF 30 Foot aHR-W« Pole. 

Fio. 39. — Details of Double Trolley Construction for loterurban Line. 

trolley pole. The catenary construction relieves these diffi- 
culties and at the same time gives an exceedingly even and 
smooth running line, equivalent to a continuous flexible sus- 
pension. For high voltage lines designed for high-speed intei-- 
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urban service this is of very great importance, and it haa pro- 
vided a BolutiOD of the problem tlie necessity for which was 
rapidly becoming imperative. 80 great are its advantages 
over the old form of conetruction that the added expense should 
not prohibit its use in the ordinary low tension d. c. interurbau 
roads. In a light construction of this kind the immediate 
result is to make it possible to decrease the number of supports 
or bracket poles while gaining at the same time a better align- 
ment of the trolley wire. 

At the present time the catenary overhead construction bas 
been placed in use on a suburban extension of the New Orleans 



Fio. 40.— SiiEeiy Trolley Guard at Steam Riwil Crossing. 

Railways Co., in an ordinary 550-volt continuous current 
line, and results indicate entire satisfaction. The poles were 
spaced 100 feet apart, though it is believed that 150 feet or 
slightly more would be entirely safe. 

The messenger wire, from whiob is suspended the trolley, is 
J-inch galvanized steel stranded wire and is supported by 10-foot 
steel tube brackets attached to tlie poles by the usual wall 
sockets. The messenger wire is attached to the pole brackets 
by a Locke insulator, which is held in place on the brackets 
by a special iron casting. The trolley is No. 4/0 grooved wire 
and is suspended from the messenger wire by spreaders of 
J-iucb iron pipe in varying lengths, depending on the catenary 
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curve. These Bpreaders are attached to the meeaeager wire by 
3-prong clamps, and to the trolley wire by 4-iDcli mechanical 




Fig. 41.— Catenorj CoastriictioD. 



Fig. 43.— Cateiwrr Construction. 

clips, the spreaderB being provided at both ends with screw 
threads to screw into the clamp and clip. 
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At curves, the construction is held in place by single and 
double pull-offs attached to both messenger wire and trolley 
wire. The pull-offa from the two wires in each case meet in a 
common pull-off insulator from which they are carried to the 
guy pole by a single guy wire. At the beginning of curves, the 



Fio. 48. — CateDarj CoQstructfoD on IndUaapolle and CincinDali Line. 

construction is further strengthened by means of an iron rod 
reaching from the bracket brace on the pole out to the trolley 
wire to which it is attached by a standard clip. Pigs. 41 and- 
42 illustrate the general appearance of the construction. 

In a number of localities the catenary construction is now in 
use for high tension single phase interurban roads. Fig. 43 
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illustrates that In use on the Indianapolis and Cincinnati line. 
In cases where from 3,000 to 6,000 volts are used on the trolley 
wire special attention must be given to insulators and to the 
whole strength of the structure. Supports from the mes- 
senger wire to the trolley should be spaced 10 feet or 15 feet 
apart. When properly installed, the trolley wire remains prac- 






Pig. 45.— Double Catenary Adjustable Trolley Hanger. 



tically horizontal at all temperatures and does not bend up and 
down as the trolley wheel passes under it. 

A heavier construction is sometimes necessary, as in the . 
electrification of a steam road, and in such cases there are 
used two messenger cables in the same horizontal plane while 
the trolley wire is beneath and midway between them. This 
forms a triangle, and the supports from both messenger wires 
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tend to stop ail aide Bwaying. The Bo-called "tower" method 
of supporting the catenary is then usually employed. Steel 
bridges cross the tracks at intervals of about 300 feet and carry 
the supporting insulators for the mrasenger wires. Advantage 
is also taken of the opportunity of attaching semaphore signals 



Fio. 47.— Catenary Construction on West Sliore Railroad. 

to some of these bridges. Figs. 44 and 45 give some idea of this 
class of construction. 

Fig. 46 shows a side view of the catenary construction in 
use on the West Shore steam road. In this can be seen the 
catenary curve of the messenger wire and the horizontal posi- 
tion of the trolley wire. Fig. 47 is a photograph of the same 
eoustruction. 

Thb Thibd Bail 
This form of working conductor was first employed years 
ago in some of the earliest experiments with electric loco- 
motives, before even the trolley wire was used, but its first 
practical application was on the Intramural elevated road at 
the Chicago World's Fair in 1803. The Chicago elevated roads. 
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the Baltimore & Ohio Railroad and the New York, New Haven 
& Hartford then adopted it in turn. It is now employed suc- 
cessfully by a number of interurban roads operating over a 
private right of way. Numerous advantages are claimed for it 
over the overhead trolley wire when used under favorable con- 
ditions, among which are the following: it can supply a much 
heavier current to the train than could be obtained from a 
trolley wire ; the diflficulty of the trolley wheel leaving the wire 
is eliminated ; the cost of construction, where the conductivity 
of the low tension system is equal, is less; the cost of 
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Fig. 48.— Third Rail Guard. 



maintenance is much less than that of an overhead 
wire, in fact it is remarkably low; the first two ad- 
vantages claimed also render it especially desirable where 
extremely high speeds are employed. Among its disadvantages 
are: it can only be used on private right of way, and where 
cars run through towns or on highways, a trolley wire must 
be substituted and cars equipped with trolley poles ; in its usual 
unprotected form it is a source of danger to trespassers or 
animals who may be on the right of way ; while snow does not 
interrupt its operation to any great extent, sleet is very trouble- 
some, although the trolley wire has the same trouble in a 
lesser degree ; it has been claimed that it is difficult to insulate,. 
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but as a matter of fact, no difficnlty in this line has ever been 
encountered. 

In recent developmenta of third rail practice moBt of these 
objections have been overcome, or to be more accnrate, are 
expected to be. Nearly all improvements, however, increase 



Pia. 49.— Top RuDDiag Type of Collecting Shoe Used with Protected Rail. 

the cost of construction, and these are no exception. The 
trouble arising from sleet, and accident from contact with the 
rail, has been largely eliminated by a protecting guard con- 
eisting of a plank 6 inches or 8 inches wide, and 1| inches 
to 2 inches thick, supported either from the tie, or from the 
rail itself, by iron brackets and bolts. The plank is thus held 
in a horizontal position about 3 inches above the top of the rail. 
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There is no vertical back piece, except at the supports, for it 
would form a pocket for drifting bdow. One style of this 
guard is showu in Fig. 48. This form of protection necessitates 
a change in the ordinary top running type of collecting flhoe. 
and the new type is seen in Pig. 49. 

The usual form of unprotected rail has suffered severely in 
the past through interruptions to traBRc caused by sleet. The 
conditions which produce this are usually those in which rain 
freezes as soon as it strikes the colder rail. This causes a 




Fio. 60.— Sleet Bruali Used on JIanhBtiao Elevated. 



thin coating of ice to form on the rail which ia exceedingly 
difficult to remove. A solution of hot water and salt has been 
tried on some elevated roads, where it is applied to the rail 
from a car through a pipe, but this has serious objections on 
an interurban line due to the liability to decrease the insulation 
resistance. The Aurora, Elgin & Chicago Railway and some 
others are said to have successfully employed a solution of 
calcium chloride in the same manner. The third rail lines of 
the New York, New Haven & Hartford Railroad have employed 
a powerful form of cutter, or scraper, very succesafully. This 
is a single blade of tool steel forced vertically down on the rail 
by means of levers under considerable pressure. Another form. 
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which more nearly resembles a group of scrapers, forced down 
by spring pressure, is used by the Manhattan Elevated and by 



Fici. S2.— Protection of Third Ituil in the Open, North Sliore 
Railway, San Praocisco. 

some of the Chicago elevated roads. It is showo in detail in 
Fig. 50. 

A form of cooductor rail with its protecting guard, together 
with the style of collector shoe need on the Subway Division 
of the Interborough Rapid Transit Co., is shown in Fig. 49. 
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This represents one of the more recent developments in third 
rail practice. 

A plan of carrying the third rail through stations showing 
platform construction, employed by the North Shore Railway 
of San Francisco, Cal., is shown in Fig. 51, and Fig. 52 gives 
the style of protection for the rail in the open. 

The adoption of the third rail in the electrification of the 
surburban service of some of the large steam roads has given 
an impetus to its development. The most recent of these to be 
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Fig. 54.— Type of Third Rail Used by New York Central. 



placed in operation is that of the Long Island Railroad. Their 
plan of third rail location and its protection is shown in 
Fig. 53. 

The New York Central have made a considerable departure 
from current methods in the adoption of an underrunning con- 
tact rail. This does away with the protecting plank and makes 
it possible to protect the rail on all sides except the bottom, 
by a sheathing of wood. It also permits the use of an im- 
proved form of insulator. The details of this construction 
are shown in Figs. 54 and 55. 

That there are certain advantages in this form of construc- 
tion is obvious. If the sheathing is brought down on the sides 
in such a manner as to prevent rain from collecting and drip- 
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ping from the contact surface, the trouble arising from the 
water freezing on it would be overcome. It ia possible that a 
Bligbt shock might be felt from the sheathing during very wet 
weather, but if so, it would doubtless be harmless. 

The necessity for a standard position for the contact rail 
with reference to vertical height, and horizontal distance from 
the gauge line of the service rait, is becoming more and more 
important. This becomes an absolute necessity if interchange 
of cars is contemplated. Steps are already being taken by the 
steam roads toward this end, in the vicinity of New York. In 



Fid. 56.— Typical Tliird R&ll Line with Uoprotecled Rail. 

the future intemrban roads will' have to give it serious con- 
sideration. A few of these distances now in use are given 
below: 



New Tork New Haven ft Hartford 1 Center 

Aurora. Elgin and Chicago 6^ 20J 

New York Central 2i 89 

Long lalnnd Si 27 

Interborougli Rapid Transit 4 26 

Haobattan Elevated 7f 30| 

Boston Elevated 6 2l)i 

Brooklyn Elevated 821 

Chicago Elevated 6i 201 

Albany and Hudson 6 27 
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Fig. SC shows a typical view of ao ioterurban third rail line 
with an unprotected rail. 

The New York, New Haven & Hartford Co.'s third rail 
laid in the center of the track on creosoted wooden blocks for 
insulators, gave Bome remarkable results as regards iusulation. 
The average measured leakage was but little over one ampere 



Fio. STi— Operation with the Third llail Submerged lu Water. 

per mile and it was considered that most of this occurred in 
the underground cable work, connecting breaks in the rail at 
road crossings and switches. Curious results were experienced 
when the track became flooded by a freshet. 

Figs. 57 and 58 are photographs showing a section of about 
half a mile, in which the conductor rail is practically under 
water. A remarkable fact is that the service was not even 
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Fio. ns.— Operatiou with Tliird Rail Partially Submerged in Water. 



Pio. 59.— Tliird Rail ConslrucUoa of N. Y., N. H. & II. It. R. 



98 A3IERICAN ELECTRIC RAILWAY PRACTICE 

interrnpted while tfae cars were running tbrougli tbe place 
for several hoars before it subsided. The additional load on 
th» power station was estimated at about 400 amperes at 650 
volts, but little more than that required by one regular train. 
In joining the gaps in third rails at bigbwa; crossings, the 
usual underground connections have been a source of trouble 
due to leakage especially at the entrance and exit from the 



Fio, 60.— Third Rail Construction of N. Y.. N. H. & H. R. R. 

ground. Several western roads have made these connections 
overhead with much better results and at no greater expense. 

Figs, 59 and 60 are examples of the third rail construction 
of tbe New York, New Haven & Hartford Railroad. 

CusRENT Collecting Devices 
This subject, as applied to railway work, is assumed to mean 
the various methods and apparatus used to transmit the elec- 
tric current from the working conductor to the motor car. It 
may be said that there are only thi-ee methods in general use: 
the underrunning trolley wheel with its pole and base; the 
third rail shoe and its support, in several forms; and the 
underrunning bow trolley which, though widely used abroad, 
has not been much used in this country as yet, due to our em- 
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ployment of heavier currents, and to other conditions, under 
which the trolley wheel has been more successful. 

The performance of the standard trolley wheel has been 
somewhat of a surprise with the advent of heavy currents and 
high speeds. The area of contact with the trolley wire is so 
small that it was naturally expected to give serious trouble 
from arcing. But its ability to conduct several hundred am- 
peres across the contact is undoubtedly due to its motion, 
which continually dissipates the heat throughout the wheel and 
along the wire. Otherwise, if the same current were trans- 
mitted while the wheel was stationary, it would become welded 
to the wire in a few moments. 

While apparently few changes have been made in the design 
of the trolley wheel, harp, pole and base for many years, cer- 
tain steps have been taken to enable the apparatus to keep 
pace with the general advance in the art. The principal diflS- 
culty when higher speeds came into use was to keep the wheel 
from frequently leaving the wire. This was sometimes so seri- 
ous as to cause doubt as to the advisability of continuing its 
use. As evidence of this a number of years ago one of the high 
speed interurban roads running out of Cleveland, Ohio, on 
private right of way, made an investigation of the third rail 
sj^stem with a view of changing, on account of the trouble 
above mentioned, and the high cost of maintaining the trolley 
wire. The many improvements in overhead construction, in- 
cluding the use of the flexible suspension on brackets, and of 
grooved or figure eight wire, together with the addition of trol- 
ley catchers, or retrievers on the cars, have done much to keep 
the wheel on the wire, and prevent damage. At the present 
time few of the larger interurban roads have any complaints 
to make on that score. 

The groove of a trolley wheel is so designed that at the angle 
the wheel will take on the car passing around curves its flange 
will not strike or bind on the wire, which would tend to force 
the wheel off the wire. 

Iron trolley wheels have been used, and wheels with brass 
centers and iron flanges. They have been put on the market 
from time to time but have not met with favor in practice, as 
they pit and wear the trolley wire faster than the ordinary 
composition wheel on account of the greater heating eft'ect of 



100 AMERICAN ELECTRIC RAILWAY PRACTICE 

the arc between the iron of the wheel and the copper wire. 
Their use has been discontinued. 

The limit to the carrying capacity of the trolley wheel is now 
well known. 

A motor car hauling a heavy train, with one trolley wheel on 
a No. 4/0 figure eight wire, necessitating a current consump- 
tion of from 500 to 600 amperes at 600 volts, will show con- 
tinual, but not severe arcing at the contact. The wear on the 
wheel because of the arc, is serious, and its life is short. In 
general, safe practice is considered 250 amperes operating cur- 
rent, and 600 amperes accelerating. 

The potential drop between the trolley wheel and the wire 
increases with the speed of the car. With a constant current 
of 100 amperes it ranges from 12 volts to 28 volts at 15 miles 
per hour and in one case it was 45 volts with a current of 200 
amperes at 45 miles per hour. 

This drop can be readily measured on a car with poles at 
both ends, by placing both poles on the wire and disconnecting 
one trolley base from the car circuit, and placing a voltmeter 
in the break, with one terminal on the base and the other 
on the car circuit. It will then be directly across the contact 
of the other trolley wheel with the trolley wire, as the two 
trolley bases are connected together. The potential differences 
at various currents and speeds can then be readily determined. 
Wheels with ruts or grooves show considerable more drop than 
new wheels, and if the energy lost by these wheels were taken 
into consideration they would be discarded before their me- 
chanical usefulness was gone. 

The life of a trolley wheel in ordinary service is limited by 
a number of conditions. The wear on the wheel is chiefly 
mechanical, except in sleet storms, and it depends on the proper 
construction and maintenance of the trolley wire, the speed, 
and the tension on the pole. So in city service the mileage 
may be quite high, due to the low speed. In interurban service 
the wear is often severe. In consequence of the greatly varied 
conditions to be found, the life of trolley wheels on different 
systems varies within wide limits. On one system, consisting 
of city and suburban service, where conditions were perfect: 
such as well balanced wheels of proper composition ; good over- 
head work ; proper tension, and a freely turning stand, a mileage 
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of from 35,000 to 40,000 miles has been attained, but under aver- 
age conditions the same road shows about 25,000 miles. This 
is undoubtedly a high record. On one of the largest high speed 
iuterurban systems a 6-inch wheel gives from 5,000 to 7,000 
miles. In city service the usual practice is to use a wheel 4 
inches in diameter, and on interurban service 6 inches, but 
there are systems which use the 6-inch wheels in both. . 

As to which is the best composition for a trolley wheel, 
opinions differ somewhat. The conductivity of the mixture is 
not of so much importance as a proper degree of hardness. If 
too hard, the wear on the wire will increase, and renewal of 
trolley wire is far more expensive than wheels. On the other 
hand, if the wheel is too soft its life will be shortened. One 
recommended composition is 90 per cent, copper, 6 per cent, 
tin, 3 per cent, zinc, and 1 per cent. lead. 

The fact that the bearing of a wheel wears out before the 
rim, has compelled the use of bushings for bearings, thus per- 
mitting the renewal of the bushings as long as the wheel can 
be used. Most bushings have graphite inserts on the bearing 
surface to assist in their lubrication. The hub of the wheel 
sometimes contains a recess for oil, which is conveyed to the 
bearing in several ways. 

The malleable iron harp, with its steel pin which is kept 
from turning by cotter pins in recesses on the outside, and the 
copper or phosphor bronze spring contacts pressing against 
the hub of the wheel, has apparently undergone no radical 
change for many years. • 

Attachments for quickly removing the harp from the pole, 
such as a taper socket with lock nuts, are not improvements 
in the right direction, as they increase the weight and compli- 
cation. The shank of the harp pinned and riveted in the trol- 
ley pole is the usual and accepted method. In considering any 
change on the trolley wheel end of the pole, it should be re- 
membered that every ounce of weight added here increases the 
arcing between the trolley wheel and the wire at every hanger, 
and where there is a sudden change in the alignment of the 
wire. 

The tapering, hollow steel poles do not vary except in length, 
but in some cases are replaced by wood. In some parts of the 
West a very light strong pole is made from second growth 
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hickory. They are very satisfactory Id both city and inter- 
urban service and are much used where such wood is easily 
obtainable. 

The trolley base or stand has also been through but few 
changes and aeema to have developed no serious faults. It is 
desirable that it should rotate easily, which tends to keep the 
wheel on the wire at curves, and it should not occupy any more 
height than necessary, on account of the small headroom under 
overhead bridges, tiome trouble has been experienced in some 
places due to the "fatigue" of the springs. This is generally 
caused by keeping the pole tied down, or on a low wire, in car 
houses. This keeps the springs in constant tension or com- 
pression and the resiliency is lost when the wheel reaches a 
high wire, as on steam railroad crossings. In consequence, 
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the springs fail to lift the wHeel high enough, and contact is 
lost. The remedy for this is to relieve the springs whenever 
the car is in the house, or out of service, by letting the pole 
rise to its greatest height and leaving it so, instead of tied 
down. Particular attention should be paid to the adjustment 
of the tension and it ought to be frequently tested. This is 
easily done by attaching an ordinary spring balance to the 
rope and allowing the wheel to rise to a height corresponding to 
that of the wire. The reading of the scale then gives the ten- 
sion. For ordinary city service the general practice is to use 
18 pounds, while on high speed interurban service, with G-inch 
wheels, Za pounds is usually employed. 

Fig. 61 shows one form of trolley wheel, and Fig. 62 a form 
of harp in common use. Fig. 63 illustrates the latest forma of 
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the union atandard trollejr bases. In these it will be noticed 
the Bprings are in compression. 

The third rail collector shoe, in what may be termed its 
original form, is still in use on a number of roads which em- 
ploy an nnproteoted contact rail, including most of the elevated 
roads. In this form the shoe is hung by a pair of slotted links, 
placed at an angle to each other, attached to a support in the 
center of a wooden bar, which extends from one joamal box 
to the other. The shoe has a rise and fall of about one inch 
and the contact pressure is that due to its weight. It is necra- 
sary that the shoe be supported, in this case at least, either 
from the journal boxes, or the equalizer bars of an M. C. B. 
truck, for these are the only parts of the truck which do not 
move with the springs, but follow the track rigidly. 

On one interurban road cast iron shoes of this type 14 
inches long, 5 inches wide, weighing 15 pounds have frequently 
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run three months, making from 30,000 to 40,000 miles in sum- 
mer weather. In winter, especially when snow or, sleet ia 
frequently encountered, their life is sometimes only two weeks, 
and at such times they may become red hot from the arcing 
they are subjected to. 

Under the section entitled "The Third Rail," Fig. 49 shows 
the shoe now generally employed when running on top of a pro- 
tected rail. As will he easily seen, this shoe projects from the 
truck under the plank covering the rail, and the contact pres- 
sure 18 increased beyond that due to its weight by a spring. It 
is used on a number of interurban lines, as well as on the Long 
Island Railroad and the New York Subway. The type of col- 
lector shoe to be used on the uudermnning protected contact 
rail of the New York Central is very similar, the spring 
pressure acting to force the shoe upward, instead of down- 
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ward. The Boston Elevsited, after some experiments, aban- 
doned the original form of liok auspeoded cast steel shoe, and 
substituted that illustrated in Fig. 64, the details of which are 
seen in Pig. C5. 

This is another case where spring pressure is substituted for 
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gravity in making the contact. Its construction is plainly shown 
in the cuts. The steel shoe is a flat bar of soft steel which, 
before it is bent into the shape shown, measures 23 inches long, 
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3^ iachea wide, and J inch tbk-k, and weighs 10^ pounds. 
Owing to the manner in which it is held the shoe appears to 
be pushed instead of pulled, and has a teudeocy to tilt for- 
ward, increasing the contact pressure. The elliptic spring 
gives a downward pressure of 50 pounds, which added to the 
weight of the shoe produces a pressure of 60^ pounds. The 
shoe readily follows any irregularity in the rail and does not 
jump at joints, or approach blocks, when taking new sections. 
This tendency of the shoe to cling to the rail eliminates nearly 
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all sparking between the surfaces. These shoes have a life 
of about 13,500 miles and are much more effective in ice and 
sleet than the old form. 

Other methods of conducting the current from overhead 
wires to the car than by the use of the trolley wheel, have 
frequently been tried in this country. Fig. 66 is a form of 
bow trolley adapted for high tension single phase railways in 
this country, and is operated and adjusted by compressed air. 
It is a modification of the well-known Siemens-Halske bow 
trolley, which is widely used in Europe on both continuous 
current and alternating current roads with success under the 
existing conditions. These conditions seldom include high 
speed and the volume of current collected rarely approaches 
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200 amperes, beiag geoerally oearer 100. Its failure to super- 
sede the trolley wheel in this country ie simply due to the more 
severe conditions. Its great advantage is that it cannot leave 
the wire, and if the wear on the "bow string" were not excess- 
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Fio. 86.- 



e Form of Bow Trolley Used o 
Pliase Railways. 



High TensloD Single 



ive, due to arcing and speed, it might be successful. How- 
ever with the opening of high tension single phase lines in 
which the current collected is small in volume, it is very prob- 
able that this style of current collector, in a modified form, 
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will come into general use. If the contact wire of the bow can 
be made to give a reasonable life, the cost of renewing it will 
become less than the trolley wheel- 
Pig. 67 shows a form of bow trolley designed for a high 
tension single phase locomotive built in this country. The 
vertical elongation of the diamond shaped bow is effected by 
a compressed air mechanism in the base. The contact bar is 
thns readily raised to the wire, or lowered as desired. An- 
other device said to be in use in a few localities consists of a 



Fig. 67. — Heavy Service Locomotive with Panlagraph Bow Trolley, 

roller about 2 inches in diameter and about 3 feet long. The 
roller is a cylinder of composition and rotates in ball bearings 
carried on the ends of a wide fork, or by two arms extending 
to the roof. One form of this collector was tried on an east- 
ern road, using heavy currents, some years ago, but was un- 
successful owing to severe arcing. 

Whatever the form of collector its principal features should 
be lightness, non-arcing, long life, and it must not impose great 
wear on the working conductor. 



CHAPTER VI 
TIME TABLES AND SCHEDULES 

Time Tables 

The time table of an interurban road is the general law 
governing the arriving and leaving time of all scheduled trains^ 
at all sidings or stations. It is obtained from the speed 
schedule adopted, as found by laying out each train as a line, 
on a sheet having distances, with stations and sidings to scale 
on the vertical side, and time on the horizontal. 

A sample time table is shown below, which is issued for 
the guidance of employees. This is the usual form adopted 
by steam roads and includes other information regarding 
signals, speeds allowed at various points, and the rights of 
different classes of trains over one another. Few interurban 
roads go to the trouble of issuing these time tables, but that it 
is a good practice is generally conceded. 



No. 81. The X, Y, and Z Ry. June 30, 1905. 

OFFICIAL TIME TABLES. FOR EMPLOYEES ONLY. 




Xenia 

Trumbull 

Danville 

N. Y. C. Junction. . . 

Oldtown 

Fullerton 
Youngstown 



10:40 

10:47 
11:01 



Note— No. 2 runs daily, but do«« not Btop at N. Y. C. Junction on Sundays. 

Note— No. 12 runs express to N. Y. C. Junction daily except Sundays. 

Note— Places where time is giyen in figures enclosed by black lines are regular passing points. 
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The time table of a city system, while it is essentially the 
same as the interurban in principle, is much more cumber- 
some, requiring so many runs and cars, and sometimes frequent 
alterations. Such a time table is of interest only to em- 
ployees and is seldom printed. It is either written up with 
chalk on a blackboard in each car house or with a pen on a 
special sheet hung up in a frame. A sample city and suburban 
time table is shown on page 110. Below is shown a table giv- 
ing the time required to run 1 mile, at speeds from 5 to 60 
miles per hour. This is very useful to all motormen, for it 
enables them to easily time their speed if distances are known. 



Table XXIII 

TIME REQUIRED TO RUN 1 MILE AT SPEEDS FROM 5 TO 60 

MILES PER HOUR 





Time RannlDg One 




Time Rnnning Oue 




Mile. 




Mile. 


Miles Per Hour. 


Min. Sec. 


Miles Per Hoar 


Min. Sec. 


5 


12 00 


33 


1 49.1 


6 


10 00 


34 


1 45.9 


•7 


8 43 8 


35 


1 42 8 


8 


7 30 


36 


1 40 


9 


6 ' 40 


37 


1 37.3 


10 


6 00 


38 


1 34.7 


11 


5 27.3 


39 


1 32 3 


12 


5 00 


40 


1 30 . 


13 


4 36 9 


41 


1 . 27.8 


14 


4 17.1 


42 


1 25.7 


15 


4 00 


43 


1 23.8 


16 


3 45 


44 


1 21.8 


17 


3 31-8 


45 


1 20 


18 


3 20 


46 


1 18 2 


19 


3 6.5 


47 


1 16.6 


20 


3 00 


48 


1 15 


21 


2 51.4 


49 


1 13.5 


22 


2 43.6 


50 


1 12 


23 


2 36.5 


51 


1 10.6 


24 


2 30 


52 


1 9.2 


25 


2 24 


53 


1 7.9 


26 


2 18.5 


54 


1 6.7 


27 


2 133 


55 


1 55 


28 


2 8.6 


56 


1 4.3 


29 


2 4.1 


57 


1 3.2 


30 


2 00 


58 


1 2.1 


31 


1 56.1 


59 


1 1 


32 


1 52.5 


60 


1 00 
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In a medium size city system it is desirable to issue a small 
time table of convenient size for the public, giving the names of 
the city lines, and the time the first and last car of the day 
leaves a central point. Also the headway between cars in rush 
hours, as well as at other times, and the schedule time to the 
end of each line. Information can also be given here of the 
time of extra cars put on for meeting certain trains, boats or 
for carrying theater goers. Some managers believe that the 
public are better satisfied if they do not have to consult a time 
table, provided the cars are frequent enough so that only a 
short wait is necessary at any time of the day. They say this 
applies as well to an interurban road which runs its cars from 
the terminals at regular intervals, as hourly or half hourly. 

For interurban roads in general, operating local, as well as 
through limited trains, whether the intervals are regular or 
not, it is a good policy to issue a neat folder for the public 
giving the schedule time of all trains with their numbers, 
separating the weekday from the Sunday schedule, and vari- 
ous rules of the company, regarding rates of fare, the trans- 
portation of trunks, and other baggage. An opportunity is 
also given in the folder to describe the various points of inter- 
est along the line, as well as in the towns through which it 
passes. Particular care should be taken in arranging the time 
table, to put it in as simple and intelligible form as possible. 
It is well known that some steam roads issue time tables which 
are little better than Chinese puzzles to the ordinary traveler. 
The patrons of an interurban road living along the line soon 
commit the time table to memory, and only need it when 
changes are made, but to the stranger it is of great conve- 
nience. 

Train Operation 

The schedule speed must be more or less approximately 
determined before the road is constructed, as on it depends the 
character of the track construction, and the equipment of the 
cars, transmission line, and power station. On single track 
lines the location of the sidings, or turnouts, determine it 
absolutely, when operating a full schedule. A half-hourly ser- 
vice from the terminals means a passing point every fifteen 
minutes, and the speed of the trains determines the distance 
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between such points. If this is local service, and if a few 
higher speed limited trains, with few stops, are operated at the 
same time, the limit of safe operation, aided by efficient des- 
patching and block signals, has been reached for a single track 
road. As most interurban roads of the present day are single 
tracked, it is hardly necessary to discuss the difference in 
operation of a double tracked road. It may be easily seen, 
however, that the whole schedule speed question is simplified 
in the latter case. 

The principal difficulty confronting most interurban roads 
is the question of maintaining the regular schedule during 
periods of congested traffic. There are times on every road 
when a large number of people want to be carried to their 
destination at the same time. This overcrowds the regular 
schedule and it becomes necessary to increase the number of 
cars. Usually the only resource is to put on extra motor cars 
and run them as extras, or as the steam roads say, on a ^^wild 
cat" schedule, taking orders at every point from the despatcher. 
Another way is to run several cars as sections of a regular 
train, passing them through the signal blocks as one train. 
This plan is very frequently resorted to although often done 
without any system, dependence being entirely placed on the 
train crews, who notify those waiting to pass that other cars 
are following them through the block. These methods are 
fairly safe provided orders are carefully obeyed, but almost 
surely there is a loss of time, and the whole schedule is demoral- 
ized until the rush is over. A time table arranged for normal 
traffic is of little use in such an emergency, and instead the 
cars become spaced by distance. In the case of cars following 
one another, the distance between them is determined by the mo- 
torman, who is supposed to use every precaution in his power. 
On modern steam roads, both time and distance are used to 
determine the space between trains; the time table providing 
the former, and the signal blocks the latter. Under normal 
conditions of traffic, the time table and the despatcher are all 
that is necessary, but as soon as the schedule becomes dis- 
arranged, and trains begin to move faster or slower than the 
normal, then the distance spacing of the signal blocks enables 
the train service to recover itself quickly, and at the same time 
handle a greatly increased traffic. 



TIME TABLES AND SCHEDULES 113 

Abstract from rules for train operation of the Cincinnati, 
Dayton & Toledo Traction Co. : 

BLOCK SIGNALS TO BE USED BY MOTORMBN AND CONDUCTORS 

42. Signal lights must be used in running between all 
switches where the same are provided, unless otherwise ordered 
by the despatcher. If for any reason the signal lamps are not 
working, you must not proceed without orders from the de- 
spatcher to do so, excepting as follows : 

A. Regular Trains. — If for any reason you cannot get the 
despatcher by 'phone, you will proceed on regular schedule, 
passing regular trains at schedule passing points, and notify 
the despatcher of the trouble as soon as possible. 

B. Extra Trains. — If for any reason the signal lamps are not 
working and you cannot get the despatcher, you must wait for 
the next regular train, and run as second section to the regular 
train, until you can get orders from the despatcher. 

C. Work trains will be permitted to work between switches 
without signal lights only on orders from the despatcher. 

D. Work trains, when working between switches near a 
curve or any place where your car cannot be clearly seen for a 
distance of 1,000 feet, 10 poles each way, the conductor of the 
work train must go at least 10 poles in the direction from 
which the next car is due and flag the approaching train. 

SIGNALS TO BE USED BY TILVCK^ BRIDGE AND LINE MEN 

43. The following rules and signals must be used and ob- 
served by trackmen, bridgemen and linemen for the protection 
of all, whenever work is being done upon track, bridge or line. 

Two sets of signals shall be used. One to indicate danger; 
the other to indicate caution. The signal shall in every case 
be displayed 1,000 feet (10 poles) on either side of the point at 
which the workmen are engaged. 

A. A red flag by day and a red and white light together, or 
either one alone placed between the rails, at night will indicate 
danger, and all trains must be brought to a complete stop when 
these signals are displayed. A train brought to a stop by those 
signals will not proceed until the signals have been removed by 
some authorized person. 

B. A red flag by day and a red and white light, or either one 
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alone by night placed at the right side of the track, will indi- 
cate caution, and whenever those signals are displayed all 
trains must immediately be brought under perfect control and 
proceed cautiously, expecting to be stopped at any time, until 
they have passed a similar signal. 

CLASSIFICATION OF TRAINS 

44. All trains are designated either as regular or extra. All 
regular trains are scheduled on time table, and one or more 
cars carrying a marker will be considered a train or section of 
a train. Each section of a train, except the last, must carry 
the proper signals to indicate that a train is following. 

45. Extra trains are not shown on time table, and they have 
no rights except those given them by train despatcher. 

MOVEMENTS OF TRAINS 

46. All scheduled trains have equal rights to scheduled meet- 
ing points, and all sections of trains have equal rights, unless 
otherwise provided by order. 

47. No train will leave a station or siding before the time 
set for it, or without a signal from the conductor. 

48. Extra trains must not be run without orders from the 
despatcher. 

49. Extra trains must clear the time of scheduled trains by 
two minutes except at meeting points made by order. 

50. All trains will report to train despatcher before leaving 
terminal stations, also at meeting points if opposing train is 
not there. 

51. (A) Crews on trains unable to make schedule time must 
report to despatcher at once. 

(B) Crews on trains running late and passing on sidings 
other than regular schedule passing sidings must report to 
despatcher where passing opposing trains unless otherwise 
ordered. 

52. All trains must come to a full stop before crossing any 
steam railroad tracks, and conductor must go ahead and look 
up and down steam railroad tracks to see that no steam train 
is approaching before he signals his train across. Motorman 
must not start his train until he receives a signal from the 
conductor. 
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53. All trains must stop before crossing a switch at the in- 
tersection of two or more of this company's lines, or at the 
intersection of the lines of this company with those of another 
electric railway, and the motorman must not start his train 
until he receives a signal from the conductor to do so. 

54. The first train reaching meeting siding must take siding 
for opposing train. 

55. All trains will approach meeting points under perfect 
control, and must not attempt to pass until signals and 
switches are seen to be right and train taking siding is known 
to be into clear. 

56. Conductors and motormen will be held equally respon- 
sible for adjustment of switches used by them. 

57. The headlight must not be cut out. or concealed when 
taking siding to meet another train until after the train clears 
the main track or when standing to clear at the end of double 
track or at a junction point. 

Headlight must be exposed at all times when not clear of 
main track. 

58. (A) All interurban trains must report to despatcher 
at terminal stations and sidings Nos. 30 and 61. 

(B) All trains entering on or leaving branch lines must 
report to despatcher at junction. 

(C) Where a layover is had the crew must report when 
arriving and before leaving unless otherwise ordered. 

59. No excuse of any kind will be accepted for passing 
switches ahead of time. 

60. Train must not be run backward for any great distance 
without turning trolley. 

EXTRA TRAINS 

61. All trains not represented on the time card are termed 
"Extra," and must carry a white signal. 

62. When regular trains are running late, under no circum- 
stances must extra trains proceed into a block until notified to 
do so by the despatcher. 

63. Should an extra train meet a regular train on regular 
schedule passing siding, extra must release block in rear, and 
both regular and extra crews call the despatcher for orders. 

64. Should extra train come to a siding where it should pass 
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a regular train, and the regular is not blocked in, extra crew 
must release block in rear and call up despatcher for orders. 
If you cannot get the despatcher by 'phone, lie there until 
regular comes up going in same direction, and run as second 
section to destination. 

65. If for any reason a train may be lying on the siding and 
not using the signal lights, the crew must watch signals very 
closely and notify crews on trains passing that siding, if 
signal light is against them. 

Both motorman and conductor on waiting train will be held 
equally responsible for the observance of this order. 

WORK TRAINS 

66. Work trains l^ave no right on main line, except those 
given by the despatcher, and must clear the time of all regular 
trains. 

Another method which is becoming more popular among rail- 
way managers for various reasons is the coupling of one or 
two light trailers to the regular motor car, in both city and 
interurban service. This saves operating expense in wages of 
motormen, if not in conductors, for usually a conductor to 
every car is necessary. With adequate coupling arrangements, 
air brakes on every car, and sufficient capacity in motive power, 
this method has many points to commend it, where conditions 
of grade and road-bed permit it. Its principal disadvantage is 
the loss of time, for it would be, in most cases, impossible to 
maintain the regular schedule with the additional load on the 
motors. It would seem practicable to establish for certain 
days, a special slower schedule which could be maintained un- 
der the above conditions. The despatcher could issue the neces- 
sary orders to all trains that the special schedule had gone into 
effect, and inform them when it is annulled. 

Still another method which solves the problem perfectly, as 
far as operating the road, and maintaining the schedule is con- 
cerned, is the coupling together of two or more motor cars in 
trains, controlled by a multiple unit system. 

A number of interurban roads now have their cars equipped 
with the multiple unit system of control, and there is no doubt 
manv more will be, for it forms the ideal train. The svstem 
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has only one objection if it can be so called — it is expensive; 
in first cost, because of the added controller equipment; in 
operating cost, because of increased power consumed, and in 
cost of maintaining the added equipment. When we consider 
that it provides a better, faster service for the public, it is 
hardly fair to call the above objections, as every improvement 
in service costs extra. The only question to the manager is, 
can he afford to so equip his cars? The financial condition of 
each road must settle it. 

The increasing weight and power of interurban cars has 
rendered the old form of series-parallel controller inadequate 
to perform the work imposed upon it, which gives another 
potent reason for the adoption of multiple unit control, whether 
it is necessary to run the cars in trains or not. On some of 
the heaviest interurban cars, operating four 150 horse power 
motors, it becomes a necessity, for it provides a controller of 
a size and design which is capable of handling any amount 
of current the car may require. It removes a cumbersome 
controller from the platforms, and places it under the car 
where there is sufficient space for the necessary apparatus. 

The number of stops also has a decided effect on the cost 
of operation when the train units increase. The cost of a local 
stop is in some cases greater than the fare paid. 

Trailer Cars 

Because of the fact that many railway managers are seri- 
ously considering the use of these cars, it is perhaps advisable 
to discuss them at greater length. In years gone by any old 
single truck car which happened to be in stock, perhaps an old 
horse car, or a motor car stripped of its motors, answered the 
purpose. It was coupled to the motor car by a light, inad- 
equate form of coupler, and frequently, where grades were 
heavy, it was necessary to use a man on its front platform to 
operate the hand brake, as the motor car had only a hand 
brake of its own. This man in some cases operated the signal 
bell of the motor car when the conductor was on the trailer, 
repeating the latter's signals to the motorman. When traffic 
was so heavy as to require a second conductor for the trailer, 
then there was practically no saving in platform expense over 
two motor cars. The appearance of the larger types of motor 
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cars, with greatly increased seating capacity, was hailed with 
pleasure as a relief from the existing conditions, and the use 
of trailers was abandoned on many roads. 

At present many roads in cities are using powerful four 
motor cars for city as well as suburban service. They are from 
34 to 42 feet in length, with a large seating capacity. If the 
road has not many heavy grades these cars are often over- 
powered, but in northern latitudes they need all their power 
during snowstorms, and in many cases they are the only cars 
which can run through the storm. This extra power could 
easily be utilized in good weather to haul a trailer, and in many 
cases it could be done with little, if any, loss in running time, 
and without overloading the motors. It is not the intention to 
advocate here the use of more than one trailer to a motor car 
in city service. The trailer should be especially built for the 
service. It may be of light weight, but strongly built, with 
double trucks, and quite as long as the motor car; equipped 
with air brakes or some other form of power brake matching 
those on the motor car, and coupled with them, the whole being 
operated by the motorman. Whether it should be possible for 
passengers to pass from car to car is a question to be deter- 
mined by local conditions, but probably not. An operating 
condition is frequently noticed whereby there seems to be a 
preference among passengers to ride in the trailer, rather than 
in the motor car. This is especially noticeable in summer 
when a closed motor car is used with an open trailer. The loss 
of weight in the motor car reduces its tractive power, and some- 
times renders it diflScult to haul a heavily loaded trailer. 
There should be an extra conductor, and to prevent accidents, 
entrance and exit only at the rear end of the trailer. Under 
certain conditions, in city service in summer, it might be a 
cross seat open car with a guard rail on the inside, where 
track is double, and the train should always be run single 
ended, that is on a belt line or around a loop. Under ordinary 
conditions, it would not be good practice, at the end of a line, 
to run around a trailer on a switch, and couple to the other 
end for the return trip. With trucks placed near the ends of 
the car, and a modern automatic coupler, such a train should 
take all ordinary curves in a city, and could be run with rea- 
sonable safety to passengers at moderate speeds. 
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The lateet developmeot in trailer cars for city service is to be 
seen in GlerelaDd, Ohio. These trailers are 35 feet 6 inches long 
over the end posts, and ^5 feet over all. A novel feature is 
that one side is convertible and the other the closed type of 
construction. When closed one side has a longitudinal seat 
and the other aide cross seats. When open the convertible 
side becomes an open car with a running board, and the longi- 
tudinal seat ie swung round in sections matching the cross 
seats, and the car is an open car with all cross seats, but with 
the side toward the center of the double track closed. Figs. 
68 and 69 show the two sides as an open car, and Fig. 70 shows 
the interior when the car is closed. This type provides a sum- 
mer and winter trailer, which also gives a considerable degree 



Pig. to.— Trail C« Used In Cleselwid, Ohio. Interior, 

of safety for passengers by making it impossible to leave the 
car on the wrong side. Motor cars of the same type have re- 
cently been put in service. 

The use of one or more trailers on an interurban road is a 
different proposition. Here again the trailer should be spe- 
cially built, and while not necessarily as heavy as the motor car 
without motor equipment, it should be heavy enough to keep 
the rails, at speeds of 40 to 50 miles per hour. 

The semi-convertible or the type shown in Fig. 71 might be 
used. 

Trains consisting of a powerful motor car with two, or even 
three of these trailers, could handle a large number of passen- 
gers for a few hours, by putting into effect for the necessary 
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time, a modified time schedule suited to their speed. On many 
roads it would even be possible to maintain the regular 
schedule of limited trains bound for distant points; for in 
nearly all cases of a rush on an interurban road, the crowd are 
bound for some pleasure resort, and a lower speed for their 
trains would not be a serious objection. 

The use of Minneapolis-St. Paul gates on either motor car 
or trailer might be practicable on interurban runs, but in city 
service it is a debatable question. Their use in many cities 
would be practically out of the question, as in New York, for 
example. They probably prevent many accidents, which is their 
principal object, but the time taken to load and unload through 
the single entrance would often be prohibitive. Some of the 
advantages and disadvantages of the use of trailers which 
apply more particularly are as follows : 

Advantages : 

1. Saving in platform expense due to the necessity of only 
one motorman. 

2. Trailers are lighter for same seating capacity and the sav- 
ing in current over two motor cars, in a two-car train, may 
reach 50 per cent. 

3. Trailers are much cheaper than motor cars. 

4. Maintenance charges greatly reduced. 

5. They afford a means for handling rush hour traffic with- 
out holding motor cars in the house. 

Disadvantages : 

1. A more or less reduction in speed. 

2. The necessity of using more powerful motors than might 
otherwise be the case. 

3. The probability of additional stops owing to the greater 
carrying capacity. 

These objections do not seem serious, and under some condi- 
tions can mostlv be overcome. 



CHAPTER VII 
TBAIN DESFATCHINa AND SIGNALS 

Train Despatching 

The principal use of the telephone line, which now forms a 
part of the equipment of every modern interurban road, is to 
control the movement of the trains from a central point. It 
has been found, after numerous experiments, that the tele- 
graphic train order system used for many years by all steam 
roads is difficult to improve upon. All attempts to simplify 
it have been attended by risk. Briefly the system is as follows : 
The despatcher, located at a central point, has before him the 
''train sheet," which is of suitable size for filing, and is ruled in 
cross section with the names of stations, or telegraph offices, 
on the vertical margin, and the train numbers on the hori- 
zontal. Every operator along the line telegraphs the de- 
spatcher the time every train leaves his station, with the train 
number. The despatcher enters the time in the proper space, 
under the train number, and opposite the name of the telegraph 
station. In this way he knows at all times between what sta- 
tions every train is, and whether they are on schedule time. 

On single track roads if a train loses a certain amount of 
time it is said to have lost its rights, and is then run by train 
orders, from the despatcher, his object being to avoid delaying 
the other trains, especially those running against it, and his or- 
ders are usually for the purpose of changing the meeting points 
for this train so that the others may not wait for it. The de- 
spatcher telegraphs his order to the operator next ahead of the 
train, who writes it out in triplicate blanks provided for the 
purpose, repeats the order back and receives the O. K. of the 
despatcher. The written orders are handed to the conductor of 
the train, who reads it. aloud to the operator, and signs his 
name. He takes two copies to the train, keeps one and gives 
the other to the engineer, who in turn reads it aloud to the con- 
ductor. The engineer places it on file where he can see it and 
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the train proceeds. The operator then telegraphs the de- 
spatcher that the order is complete. Slight variations in the 
manner of reading and signing the orders are in use, but the 
above is the usual procedure. Sample forms follow. 

X, Y, & Z RAILWAY. 

Clearance Card. 

190.. 

To Conductor and Motorman No 

I have No Orders for your Train. 
Time m Operator 

Clearance Card Given to Train Crew by Station Agent. 

Train Order. 

X, Y, & Z RAILWAY. 

Albion Shops 190. . 

To Agent 

Order No. 6. 

Train No. 16, Pass No. 13, at Siding No. 28. 

Complete at m. Signed 

Train Order Transmitted Through Station Agent. 

Train Order. 

X, Y, & Z RAILWAY. 

Hudson Station, Nov. 1, 1903. 
To Motorman and Conductor : 

Train No. 35, Motor No. 22, at Siding No 32. 
Order No. 11. 

Proceed against all other trains to Siding No. 35, and report. 

Despatcher. 

Complete 7 :45 p. m. Signed Conductor. 

Despatcher's Train Order Form to Conductor and Motorman 

Direct. 

The despatcher, of course, keeps a copy of all orders he sends 
out in a book provided for the purpose, and each order is num- 
bered consecutivelv. 

It has often been said. that train orders could not be given 
by telephone with the same accuracy and safety as by telegraph. 
This can only be true if the recipient fails to write the order, 
depending on his memory only. There is no doubt that such 
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methods have resulted in great carelessness and have caused 
many accidents in the past. It is now an accomplished fact that 
modern interurban roads have generally adopted the steam 
railroad system described above with very slight variations. 
Where the road has regular stations with agents on duty, al- 
most the only variation is the use of the telephone instead of 
the telegraph. The agent receives the order, writes it out in 
triplicate and repeats it over the telephone as he has written it, 
to the despatcher and receives his O. K. The agent then hands 
copies to the motorman and conductor, who read them aloud, 
sign them and proceed with the train. They turn in these 
orders at the end of the run and they are compared with the 
copy in the despatcher's order book, to see if any mistakes 
have been made. 

Many interurban roads have passing points where there are 
no stations or no agents. In these cases the telephone is in a 
booth to which the crew have keys, or a telephone is carried on 
the car and connected to the line at a pole where wires have 
been brought down for the purpose. The conductor or motor- 
man then takes the place of the agent, and receives the order 
from the despatcher, writes it out in duplicate or triplicate and 
hands a copy to the other. The latter then reads it to the 
despatcher over the telephone and gets his O. K. In this way 
the despatcher has heard both men read the order as one of 
them has written it. It is doubtful if the telegraphic system^ 
with operators, is any safer than this system. 

Of great assistance to all employees is a printed folder of 
convenient size for the pocket, containing a complete time 
table giving the schedule of every train with its number (odd 
numbers for trains in one direction and even numbers in the 
opposite) and showing all meeting points with other trains in 
the regular schedule. All rules pertaining to the running of 
trains, orders, signals, etc., should be contained in it. It is 
the practice to issue these on all steam roads, and it teaches 
the employees how the road is operated and the part they play 
in it. On many interurban roads most of the sidings, or meet- 
ing points, have no one on duty. The conductor is then sup- 
posed to call the despatcher and ask for orders. This is usually 
done at every passing point, and sometimes at other designated 
sidings which may not be scheduled passing points. This fre- 
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quency of communicating with the despatcher depends en- 
tirely on local operating conditions. 

In a street railway system the despatcher's duties are still im- 
portant, though his title may be Starter, or Foreman of a car 
house. He is supposed to handle the train crews and regulate 
the headway so as to have the proper number of cars on the 
different runs, at all hours of the day. 

A good practice is to equip each car with a small sign, easily 
exchanged, giving the number of the run. On the interurban 
lines, this becomes the train number, and regular patrons 
learn to know the train by its number, which is a convenience 
to many, as it associates with it in the mind the schedule of the 
train throughout its run. 

Block Signals 

Many roads which are operated without any train despatch- 
ing system depend entirely on the signal block, and there are 
conditions existing which show it to be a very satisfactory 
method of operating. Especially is this true of a double track 
road. Two general classes of block signals are in use — ^those^ 
operated manually, and the automatic system. The manually 
operated system has the advantage of continual inspection by 
the operators, and the responsibility for the proper signaling 
of the system rests on them. In the case of the automatic 
signal systems this responsibility is removed from the opera- 
tors, and when the system fails the road is operated under a 
greater hazard than if no signals are used. The former are 
most widely used probably because they were first in the 
market and are cheap. In their simplest form, consisting of 
incandeiBcent lamps in boxes on a pole at each siding with a 
pair of switches, any road can manufacture its own at little 
expense. Other manual systems have lamps and switches, and 
sometimes a telephone enclosed in a neat iron box under lock 
and key, but so arranged that the crew can operate the 
switches with a special handle carried by them, thus render- 
ing it impossible for outsiders to interfere with the system. 

All manual systems require that the car shall stop at the 
end of every block in order to operate the system, and deter- 
mine whether the block ahead is clear, and if so, to set it against 
all cars running opposite and approaching the other end. Also 
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to clear the block in the rear, if more than one car is not al- 
lowed in a block. 

Fig. 72 shows the manually operated signal block in its 
simplest form. It requires only one signal wire along the line, 
in which are placed groups of lamps, Ave in series, with two at 
one point and three at the next. The lighting of these lamps 
shows that a block is closed or occupied. Their extinguishing 
shows a block is clear. Thus a car approaching the point A 
finds the block A B closed, but if the car were at B the block 
B C would be found clear. 

The various automatic block systems for electric roads cannot 
be said to have reached their highest state of perfection. The 
problem is much more difficult than that encountered in the 
automatic electric signals used on steam roads, for the reason 
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Fig. 72.— Manually Operated Signal Block. 



that in the latter the service rails can be cut up into sections, 
insulated from each other, and used for carrying the signal cur- 
rent. For electric roads, systems have been devised in which 
one service rail is given up and signals are operated by the 
car wheels, the signal current being either direct or alternating 
current. On an interurban road this leaves only one rail of 
a track to return the current from the car motors and neces- 
sitates the use of negative copper feeders. On an elevated road 
the disadvantage is not so great if the steel of the structure is 
also used for a return. Other svstems are those which do not 

« 

use either rail, and are probably destined to come into more 
extensive use. These require the use of signal wires on the 
poles carrying a current taken from the power supply which 
operates electro-magnetic semaphores as well as lamps. These 
systems are actuated by a form of mechanical switch attached 
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to the trolley wire 'and thrown by the trolley wheel. They are 
comparatively simple, and if the mechanical and electrical de- 
tails are well worked out so that the cost of maintenance is 
reduced to a reasonable figure, they should give satisfaction. 

A system on the above principle should work as follows: 
Several hundred feet each side of the turnout there should be 
a signal, one for each block. Each signal should consist of 
two semaphore arms, a red one above a green as well as a red 
above a green light. As the car reaches the siding, if the 
block ahead is clear, both semaphore arms are down. When 
the trolley wheel throws the switch overhead, the green or lower 
arm takes the horizontal position. This arm should be elec- 
trically interlocked with the red or upper arm of the next 
signal ahead at the other end of the block, thus protecting the 
block from any car entering the opposite end. The car then 
enters the block and the trolley wheel strikes a second switch, 
throwing up the red or upper arm at that end and throwing 
up the green arm at the other end with which it is interlocked. 
In this way both ends of the block are protected and as the 
car passes out at the other end the switch clears all signals in 
the rear and sets those in the next block if that shows clear. 

These systems are those known as ^^normal safety," mean- 
ing that when no cars are in the block the signals are clear. 
**Normal danger" systems are preferred by some, but it is 
doubtful if any have yet been worked out for electric roads 
operated without the use of the rails. In this case all signals 
stand at danger, or all blocks are closed, when no cars are in 
operation. The approach of a car clears the signal ahead if 
no other car is in the block, and the signal protects the 
block again as the car passes in. It is considered very im- 
portant by some that any break or disarrangement of the 
signals causing a failure to work properly should result in 
these signals failing at danger. The construction should be 
such that no signal could fall at clear even if all current went 
off the line. There is a difference of opinion on this point, how- 
ever, as some roads object to the tying up of the system be- 
cause of the failure of one signal. It is a fact though that most 
steam road signals are constructed to fail at danger. 

A very important point upon which there is a wide differ- 
ence of opinion is that of allowing a number of cars to follow 
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one another through a block. On general principles railroad 
men will admit that but one car at a time is the safest and 
best plan. At the same time there are roads which simply 
could not operate successfully in that manner. The whole 
question depends on the headway of the cars and the length of 
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the blocks. If the headway is short and but one car is allowed 
in a block the only remedy is to shorten the blocks and passing 
points, and as both become shorter it would soon be cheaper 
to double track. On the other hand, with long blocks, and sid- 
ings of sufficient length, it is possible to pass three or four cars 



m 



n 



1>. 



Trolley Wire 



m 



m 



L^ 



■a7"2DD 




7< r« « B ■ 



■ >■»■ 



•_lli 

^m 



iaaooa[*XJ 



.-_» 



loo n — 






" J J 



:S 



iS^ 



3' 



OQBOO f 



s 



■ M an ~ 



Fig. 74.— Wiring for Jackson Automatic Block Signal. 



in opposite directions and run them with reasonable safety from 
rear end collisions, if sufficient care is exercised by the crews. 
The greatest care should be always used in maintaining block 
signals whether hand operated, or automatic, in order to keep 
the proportion of failures at the lowest possible point. Block 
signals should never be adopted without instructing the men 
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in the most positive manner to obey them under all eircnm- 
Btances until otherwise ordered by one in authority. Nothing 




Pio. 75— Mechanism of Jackson Automatic Block Signal, 

breeda carelessness among the men, in this respect, as much as 
a few failures of the signals to work properly. When such a 
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condition arises it is far better and safer to have no 
signals. 

Figs. 73, 74 and 75 show the mechanism, the contact device 
worked by the trolley wheel, and the wiring plan of the W. Sr 
Jackson automatic block signal system which is in successful 
operation. 



CHAPTER VIII 
BOLLXNG STOCK 

The Selection op Cars 

This is such a broad question, and one governed by so many 
different conditions, in various localities, that to give a general 
idea of modern practice, it is necessary to assume what may 
be called average conditions, i. e., a city of moderate size, not 
exceeding 40,000 population, in which there is operated a rail- 
road system consisting of the usual city lines; a few short 
suburban or light interurban lines; and a heavy interurban 
road, of high speed, and considerable length. But there are 
certain physical conditions inherent in a property, which, from 
an engineering standpoint, limit the selection of the equipment 
to be operated. The length of the car is frequently determined 
by the radius of curves and width of streets; the width of 
the car by track centers, and sometimes by center pole con- 
struction. The height is usually limited by overhead bridges 
and by the grade approach to them. The increased power con- 
sumption of large cars is reflected in the increased power sta- 
tion output, and in the reduced voltage for acceleration. 
Every railway manager will not agree with the ideas on a 
proper equipment of rolling stock expressed here, but it is pro- 
posed to give what might be selected by a majority of managers, 
operating roads under somewhat similar conditions, as ex- 
pressed by them during recent times. 

The question should be considered under four heads, viz. — 
Length, seating capacity and arrangement, weight and motive 
power. These four points should also be considered separately, 
as regards the three classes of service, urban, suburban or light 
interurban, and heavy interurban. A most important point is 
whether a double equipment for summer and winter is advis- 
able. In cities of the type assumed here, it seems to be the 
opinion of many, that the purely city service can be better and 
more economically conducted by the single truck car 20 or 21 
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feet long over end posts. For winter the ordinary closed type 
with longitudinal Beats, and roomy platforma, with vestibales 
in the colder climates, as shown in Fig. 76. Single tmcks of 
a modern type, are mnch better than the older fomui, and ef- 
fectually prevent much of the oscillating motion. For snm- 
mer use, in the same service, single.truck, cross seat, open cars 
with footboards on each side, are generally acknowledged to be 
the beet, if traflSc is not too deoae. This type is seen in Fig. 
77. These cars have a great seating capacity for their weight 
and are very economical in power consumption. Their motive 



FiQ. 76.— Closed Type Siugle Truck Car. 

power should consist of two 40 horse power motors but it is 
not advised that they should be permitted to haul trailers. 

In a city of this type the greater part of the rush hour traffic 
is usually suburban, and the single truck cars should be able 
to handle the purely city traffic without many extras. By 
suburban or light interurban lines are meant those which 
extend a few miles beyond the limits of the city, and on one, or 
more, may be located a park or pleasure resort. The cars of 
these lines, in addition to the suburban traffic, help the city 
traffic also, to a large extent. They should he capable of main- 
taining a maximum speed of about 30 miles per hour, and, as 
far as possible, the city cars should not run over their route in 
the city, at least not in a manner to interfere with their 
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faster schedule. The semi-convertible type, with double trucks, 
and four motors of about 40 or 50 horse power each, able to 
haul at least one trailer of equal size, may be used. The motor 
cars should have cross seats with center aisle and vestibules. 
Under some conditions it is best that they be single ended, pro- 
vision being made for a Y or loop in the track at the outer end, 
and a loop in the city. There is little doubt that in this class of 
service the public greatly prefer the cross seat tyi)e. Cars of 
this type, with front half cross seated, and rear half longi- 
. tudinal, have been popular. Invariably the cross seats are 
' filled first, and in the rear there is good standing room. In 
length the motor car should not be less than 40 feet over all, 
and the trailer preferably of the same length. The latter, in- 
stead of being semi-convertible, might be a double truck open 
car with cross seats and foot boards. But it should be borne 
in mind in trailer construction, that they should be built as 
light as safety permits, for the reason that every additional 
ton of dead weight is a loss. As the traction coefficient of the 
motor car is approximated depreciation increases, as well as 
the cost of power. As the traffic on these lines will be much 
heavier in summer, than in winter, due to the large number 
of people who ride for pleasure, the open car would be the 
most popular. Fig. 77 shows a type of open car widely used 
as a motor car in summer for both city and suburban service. 
As a trailer it answers the purpose admirably. This provides 
a motor car which runs the year round, with sufficient power 
to overcome snowstorms, and a form of trailer to be used during 
the heaviest traffic in summer. The name, semi-convertible, 
conveys little meaning, for the car in appearance is a closed 
car, in which the windows can be quickly removed, either by 
lifting them into roof pockets, or dropping them into the 
side frame, thus clearing the whole window space. It has been 
claimed, that by reason of their design, they are not strong, 
and are difficult to heat. It is unlikely that they can be built 
as strong as a standard closed car, but the addition of an 
outside storm sash in winter would obviate the heating objec- 
tion. For the service described above, and the speed mentioned, 
there is no doubt that they can be built sufficiently strong. 

The seating capacity of the motor car will be about 44 and 
of the open trailer about 70. 
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The weight of the motor car complete without load is 60,000 
pounds, equipped with four 40 horse power motors. Weight 
of open trailer about 30,000 pounds. 

Man; prefer a double ended motor car where paseengera can 
enter and leave by both platforms, and where traffic at times 
la very congested, this is a relief, and a time- saver. Fig. 78 
shows a recent design of semi-convertible car for city and 
suburban service used in Chicago. In such a case the seat- 
ing plan of the car shown in Fig. 79 suits average conditions 
very well. The long side seats at the ends aGford considerable 
standing room, the platforms are long, and the seating capacity 



Fra. 80.— Steel Oar for City Service. 

44, and the length of the car, 33 feet body, and 44 or 45 feet over 
vestibules, is not too long for the service. 

The use of a dividing rail on a wide platform, leaving the exit 
clear for passengers, has been found to be an advantage in the 
time required for loading and unloading, especially where 
smoking is allowed on the rear platform. 

Pig. 80 shows a steel car for city service. 

The following table shows some dimensions of cars used in 
city and suburban service in the cities of Brooklyn, Buffalo, 
Detroit, Jersey City, Kansas City, Nashville, Philadelphia, 
Long Island City, St. Louis and Toledo. As these cars are 
distributed over a considerable portion of the country they 
represent current practice fairly well. 
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Table XXIV 

LATEST STANDARDS OF ELECTRIC CARS IN AMERICAN CITIES 



PLACE. 



Brooklyn 

Buffalo 

Chicago 

Detroit 

Jersey City, 
Newark, etc. . . 

Kansas City. . . 

Nashville 

Philadelphia . . 

Queens Boro', 
New York City 

St. Louis 

Toledo 



Car Length. 



Over 

Bnmp- 

era. 



41' 

36' 5' 
45' 9' 
41' 

42' 8" 



43' 8' 

42' 

87' 

Cover 

crown 

pieces) 

40' 8' 

(over 

vesti- 

bnles) 

46' 
(ap- 
prox ) 
41' 4^" 



Over 
Corners 



26' 
82' 5' 
29' 

80' 8' 



Plat- 
form 
Length 



80' 
30' 
28' 



7* 
6' 



30* 8* 

88' 

30' 8' 



4'8i" 
6'2' 
5' and 
6'V 

6' 

(Incrd's 
bump- 
ers) 

5' 9" 

5' 

4'6' 



5' 



8' and 

r 

4'8i' 
md 6' 



Width 
Maxi- 
mum. 



8' 
9' 

8' r 

(over 
sills) 

7' Hi' 



8' 6' 

7' llf 

8' 3" 
Cover 
posts) 

8' 6' 



9' 1" 
8' 2" 



Seats. 



o 



2 
2 
2 

1 



2 
2 
2 



1 
1 



Ob 

o 



40 



28 

24 

85 



86 
28 
82 



28 



40 



28 



C 



O 



8 
84 
16 
19 

8 



8 
16 

8 



16 



12 



16 



o 

Eh 



48 
84 
44 
48 

43 



44 
44 
40 



52 



44 



Ob 

a 



34" 



35' 



34" 
84- 



44 87" 



32" 



84" 






24" 


28" 



28i' 



24' 



82" 



26" 



The following may be considered average figures: 



Over all. 
Av. Car lengths 41'-6" 
Max. " " 46-0" 

Min " •• 86'-5' 



Over end irasta. 
30'-0' 
88'-4" 
26-0" 



Av. width over side sills, 8'-4" 
Av. seating capacity, 48.6 



The average length of a cross seat is 34 inches and width of 
aisle 24 inches. This gives a narrow aisle, and seats rather 
short, but these are governed by the width, 8 feet 4 inches, 
which sliould be 9 feet, or a little more. Unfortunately, nar- 
row track centers in the double track in use, in most of the 
cities mentioned, prohibit any increase in width of the car. 

■Fig. 81 gives the track centers, gauge and width of cars used 
in different cities. 



ROLLING STOCK 



141 





m 














a 



" & 








a 

9. 

o 

a 

O 
M 

g 



00 

o 



142 AMERICAN ELECTRIC RAILWAY PRACTICE 



OQ 

H 

u 

I: 






< 
o 

A 

O 

OQ 

< 
a 

&4 



k1 



a 

< 

o 
O 

■ 

00 



o 

M 






^ o 

■5 CO ft, 



I 






§§•8 
£^2 



SB** 



if: 

*5" 






Is 



3 



.0 Sa^ 



5 ^5 ^ 



a a 
00 ^^ 






1 - 



S '5 ^ -S 

10 



O 



6 






^ a a 9 .2 d 

CO 



O) 



8 a 

10 00 



S 6 Q 



a a a 






.S •S.S fl 






S -2 
3 ? 



a a a a 



«o 10 



Kd «D 



a fl a c 



a 



aasqa ac a a 

O CD 0900 09 09 T-i t- 10 



10 



a a a 

•»^ 'W* 't^ 

eo0)«D 



a 

09 



^ 4a ♦* «« ^ 



t- t* ODOO 00 GO 00 00 00 00 00 1» 00 00 



fl o a 

QD 00 gf*00 






a a 



o 
10 



a a 



^ 

O) 



t* CO t^QO <D t^ 00 00 00 00 t^ CO 00 00 



5.S ^ 

10 "^ «J <*J ^ 

^CD 10 



0.^<M 

«C9*0 

73 53-5 
:si CO 

"^^'^CO 



0) 

•^« -w^ »r* I 

eo <Dioco 



•^ — -^73 S 0«^ 
* 000 

4>» '«i» 4-* O 



«S 4>» '«i» 4-* O 03 • ^ta 





^ eo 00 09 <M 

So 00 







^w* XT ^i' 



d 

•^* • • MM •»* •^m 

5f <543oo CO 00 

^(T '^ CO 'n* 



c« 09 *^ 00 55 
o 

CO 




^ 09 



»- S . 



C9 



O) 



00 

CO 



S Oi^* 

^ '^ 9 r^ >^ cS iJ 



."^J^ »©^^^ » O « 



He- -§32 

^^^QQ ft 



o 



U3 U3 



O O 

ft Q 



us 



o 



.0 


o 





o 



OQ 



•go 

if 



o 

-s 



o 

Q 




O 







o 



o 
a>^ o 

«z: 









98 OS 

O J 

CQ PQO 



g 

^ c S 

i-ge 



. O O 



H 






Q 



> 

_ 



•S 



1^ s £ 



«o 



o 
O 

00 

be 


.0 

OQ 
>«>:> 



'0 

P 

I 

08 

00 



o 



00 



03 



OQ 



O 

•-3 



'joqmiiK 



iH 09 OO'^^ 10 CO {r*00 



O -r^ 



09 00 



ROLLING STOCK 



143 



i 



8 

o 



MA 






S 



* • J* 



n 



a Is 



uaSaMivj 
-uioo iqa.Ai 



80 00 ^ 
00 t- ©I 

» » * ik ^ 

eoioo«^ • 



o" * * QO* 



o 

o 



S' s 



c ♦ 





gJSSS • 


2 » • 5L* 


t«S: 


* 


• 


'saqaaag 
JO jaqmn^ 


1^ T-i 1^ * 




• 


* 


'JOOIjI 

oipjvoH 

8a|uanH 

UKUJ )q:9}aH 






' to ' 
1-1 • 


* 


» 



'IIVH mojj 
pjsos 8u|U 

-una aq^i^fl 



a s cJs 



^ 06 !-• 



S.d d 



a . 



• • 



J5S-9B 



• • • • 

♦a ♦» ** ♦* 



a ^ 



00 

» * • 



ta 



a 



C2 



5^ 



•2d.s5 



t-*"'^ao 



00 






s a 



2 g' 22 



QO 



t*t* 



55 



«V4 •»>« avM ^™ 



a 

CO ♦ • i^* 



o c a 
^ eocQ 



CO 



-?# CO 



<M 



^ S. ss 







a> 



V 



5 ^ 

S * * -9* 



o^ 






a 

B 





z 

a 
o 

V 

i 

2 



S 

<i 

§ 
§^ 

1ft. 

s 

"a 

i 

z 

► 

a 
o 
« 



■15 

la 

5 o 



a 



o 

I 

B 

CO 

Q 
< 

a 
§ 



S 



•9 

a 



a a 






to ^ 



QQ 






ti © is fl 

QQOQ QQ QQ 



5) SaQ g) 



'U88n98flV(f 

moo »q*,^ 






o 

00 



■ft ^ •• 



1 : 8 1 

O • O O rH V 
00 '^ 00 tH 00 



3 



o 






CO ^ O O) 

^ CO ^ Ui 



^ Qpooci^ e» oo 

OO ^ ^ »0 ^ O ^00 






o 
to 



o « 

an 

30 



35 O*^*^ 



0) Cd « 

T3 T3 "O 

•wN •■• •»« 

QQ QQ GQ 



u Q) O u '^ :s 



CO © tN 



• S3 QQ^ ^ CO 



i 

a 



s 
a 

o 
£ 

a 

oo 



QQGQ 



'j9qmnM 



i-i 09 eO -^ to <Dfc«00C»O tH O) 



CO 



144 AMERICAN ELECTRIC RAILWAY PRACTICE 




ROLLING STOCK 146 

The type of car best suited to an interurban service depends 
entirely upon various conditions; the road-bed, whether laid 
on private right of way, or on the highways, or both, and on the 
speed schedule deemed necessary. On the latter depend the 
weight and power of the car. Many interurban roads are run- 
ning on the highways where the maximum speed seldom reaches 
40 miles per hour, and then only on favorable stretches. Some 
of these roads have considerable length, and most of them use 
the type of suburban car described above, with slight modifica- 
tions. But the modern types of interurban roads operate over 
a private right of way, except in the terminal cities, and are 
probably developed in the highest degree in the states of Ohio 
and Indiana. This type of interurban road uses the modern 
motor car, and the accommodations furnished the passengers 
are equal to those supplied by the steam roads. Fig. 82 gives 
a plan and side elevation of such a car, many of which have 
been built during the last two or three years. The seating 
plan is similar to a steam road coach, and in the larger number 
of these cars is a smoking, or baggage compartment. The 
total seating capaciay is 54, with a length over buffers of 50 
feet 10 inches. The car body weighs 40,000 pounds, and the 
trucks and equipment about 30,000 pounds more, making 70,- 
000 pounds total weight without load. These cars are usually 
mounted on steel trucks of the M. C. B. type, with swing 
bolsters and equalizers, or some modification of it, and their 
wheels are usually 36 inches diameter. The motive power 
generally consists of four 75 or 100 horse power motors, and 
they are capable of a maximum speed on the level of from 50 to 
60 miles per hour. 

The table on page 148 gives weights, dimensions and other 
data of some of the principal high speed heavy interurban cars 
in the West. The time is that of the limited service in which 
these cars are used. 

Figs. 83 and 84 show types of these cars. 

As an example of the heaviest type of steel motor cars to be 
used in this country the following data concerning those of 
the New York Central and Hudson River Railroad are given 
(Figs. 85 and 86). 

The interior finish is similar to that of the New York Cen- 
tral standard coach, as the steel is painted mahogany color. 
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Table XXVI 

INTERUBBAN CAB DATA 



The seat frames are steel, and they are covered with fireproof 
rattas ( Fig. 87) . Baggage racks are carried coDtiDuonsly from 
end to end of the car on each side, and the rack brackets and 
all fittings are of statuary bronze. The car wiring is all located 
in loricated conduit. 

Ab these cars must be coupled up behind steam locomotives 
for part of their run during the period of initial operation, 
the lighting and heating arrangements have to be in duplicate. 
The electric lighting is very complete, and includes single lamps 
over each seat, six groups of center lamps, and lamps in each 
saloon and at each end, making altogether fifty lamps in the 
car. The electric heaters are placed under each seat, except 
the two middle seats of each side. For operating as part of a 
steam train, the cars will be fitted with Pintsch gas lamps and 
steam heat. 

The motors are rated at 200 horse power each and two motors 
will be used for each car, both motors being mounted on the 
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Bame truck. They will be operated at 650 volts, although it 
would be possible to run them at 750 volts. The motors will 
be geared 49 :26, or 1 :S85. 

The motor trucks are of all-steel coustruction, with axles 
7 inches in diameter at center and 7| inches in diameter at the 
wheel fit, and with journals 5^ inches x 10 inches. The trailer 
trucks will have axles 6j inches in diameter at the wheel fit, 
and with 5-inch x 9-inch journals. Thirty-six-inch wheels will 



Fio. B6.— End View of All-Steel Molor Car Used on New York Centrat. 

be used on tbe motor trucks and 33-inch wheels on the trailer 
trucks. 

The table below shows the weights, complete and ready for 
service, of tbe New York Central motor car and trailer car. 

Table XXVII 

WEIGHTS OF COMPLETE CAH3 BEADY FOB SEBVICE 



Total weight, liglit 102,600 78,600 

Total weight, loaded 111.560 87.560 

Weight liglit, per paasenger 1.003.1 1.228.1 

Weightof car body 53,000 53,000 

Weight of motor trucic wiiliout motors 15.400 

Weight of motors per truclt 12,400 

Weight of trailer truck 11,800 11,800 



ROLLINO STOCK 




152 AMERICAN ELECTRIC RAILWAY PRACTICE 

The weight of the electrical equipment of the motor car, ex- 
clusive of the motors, is 6,000 pounds At the motor end of the 
car and 4,000 pounds at the trail end of the car. 

The following comparison of a steam and electric train of 
six cars each may also be of interest : 

Steam. Lbs. 

Locomotive (average suburban type) 275,600 

Six cars (standard type, loaded) 424.560 

Total 700,160 

Electric. Lb«. 

Four-motor cars 446.240 

Two trailer cars 175.120 

Total 621.380 

This table shows a difference of 78,800 pounds, or 39.4 tons, 
in favor of an electric train having the same seating capacity. 

Specifications fob Interubban Elbctbic Railway 

Passengeb Gabs 

The following is a complete set of specifications for the con- 
struction of a modern car for heavy interurban service. 

Oeneral Dimensions: 

Ft In. 

Length of car body over corner posts 40 

Length of vestibule 4 6 

Length of rear platform 5 

Length over vestibules, about, and not over. ... 50 

Extreme length of car over buffers, about 52 

Width of cars over sills and sheathing 8 4 

Extreme width of car not to exceed 8 6 

Height of car from under side of sills to top of 

roof, about 9 4 

Distance between truck centers as great as pos- 
sible and clear car steps. 

Sills and Bottom Framing: 

All sills and floor framing to be made of best long leaf yel- 
low pine. Side sills to be made of one piece 5 inches x 8 inches 
and one piece 2 inches x 6 inches, with 6-inch x ^-inch steel 
plate running full length of car body securely bolted between. 
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The outside sill on left-hand side of car looking forward to ex- 
tend from rear corner post under front vestibule to buffer. 
The right-hand outside sill to extend from corner post to corner 
post only. The two intermediate and two center sills each to 
be of 6-inch steel "I" beams, filled on each side with suitable 
yellow pine filling pieces, and extend full length of car under 
front vestibules and support buffer at front end of car. End 
sills to be made of oak 6 inches x 8 inches, re-en^orced on under 
side with heavy steel angles, extending full width of bottom 
frame, and securely bolted thereto. All cross sills and inter- 
mediate framing to be made of 3}-inch x 6-inch yellow pine 
and arranged to suit motors and trucks used. Floor framing 
to be well tied together with flinch rods running full width of 
bottom, with cup washer and nut at each end. Bolster to be 
made of steel plates with suitable iron filling blocks in shape 
and design to suit trucks, and sufficiently strong to prevent 
bending upward at center. Bolsters to be located in bottom 
frame, so as to carry car body as low as possible with 36-inch 
wheels swiveling under sills. 

Trussing: 

Inside trusses to be ^-inch x 2^-inch flat iron running full 
length of body, and down through side sills at either end, and 
through forged corner sill plates, having upward extending 
flanges over end sills. The under trusses are to be of 1^-inch 
round iron securely fastened to sills, extending from bolster to 
bolster, and fitted with all necessary support and turnbuckles. 
The needle beams to be made 4-inch x 6-inch white oak^ 
strengthened with f -inch truss rods. 

Flooring: 

To be of J-inch x 3J-inch yellow pine in two thicknesses, 
with heavy building felt between. The first floor to be laid 
crosswise at bottom, and securely fastened to all bearings. 
The finished floor to be laid lengthwise of car, securely nailed 
and painted with two coats of lead and oil paint, in colors to 
suit purchaser. Under flooring to receive a coat of paint be- 
fore being covered with building felt, also paint under side of 
top floor before laid. Also paint top of sills and both sides of 
both floors. 
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Body Framing: 

All posts, corner, side, door, etc., to be made of white ash. 
Every second side post from corner to be made double with a 
neat panel inside and outside. Each alternate post to be single 
and run up back of top sash of side windows in such manner 
as in Pullman sleeping cars. Each post to have a ^-inch rod 
running full length from car sill to top plate with washer and 
nut on each end. Each belt rail to be made of yellow pine in 
one continuous piece and capped with ash. Intermediate rib- 
bing, plates, etc., to be made of long leaf yellow pine in con- 
tinuous pieces without splice. Outside of car bodies below 
sash rest to be trussed with X-bracing and by filling in be- 
tween same. Trussing and fillings to be gained over posts and 
securely screwed and glued. This sheathing and trussing to be 
thoroughly painted on the inside. The outside sheathing of 
the car to be made of ^-inch x 2-inch poplar matched and 
molded, securely glued and nailed. Carlines and roof framing 
to be made of ash. Carlines to be placed about 10 inches be- 
tween centers. At each side post to be a steel carline made of 
If-inch X f-inch soft steel, forged in one continuous piece to 
shape of car roof, from side plate to side plate with foot at each 
end. 

Roof: 

To be made of steam railway passenger coach type, with 
steam type of hood, covering vestibules at both ends, roof to be 
covered with |-inch matched ceiling, securely fastened to all 
bearings, and painted with two coats of lead and oil and 
covered with No. 8 cotton duck. This is to receive three coats 
of best roof paint. 

Vestibules: 

Platforms at each end of car, to be inclosed by vestibules 
having round front with three single drop sashes across ends, 
sheathed on outside No. 14 sheet steel, and neatly paneled on 
inside in hard wood and painted same as outside of car body, 
or grained. The left-hand side of front vestibule looking for- 
ward to be closed with panel and sash to correspond with side 
of car. The right-hand side to have double steps covered by 
trap door hinged to end of car body and inclosed by double 
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folding doors. Rear vestibule to be inclosed at end same as 
front vestibule, and having double steps, trap doors and fold- 
ing doors at each side of vestibule. Front vestibule floor to be 
flush with car floor. 

End vestibule sash to be arranged to turn water readily and 
prevent blowing in when moving at high speed against wind. 
Rear vestibule floor to be about 6 inches lower than floor of car. 
The rear vestibule floor framing shall be separated from the 
framing of the car body proper; said vestibule shall be sup- 
ported by at least four extra heavy steel beams running back 
to the bolster of the car and rigidly fastened to sills ; said steel 
frame shall be re-enforced by wooden stringers, all to be of 
sufficient strength to support the vestibule absolutely, and car 
builder shall guarantee that said vestibule shall not sag from 
body of car for a period of two years. Steps on rear vestibule 
to be extra' long, about 36 inches, or longer if practical. 

Windows: 

There are to be 14 windows on each side of car between 
corner posts arranged in pairs, and with two sash, the top 
sash being stationary and extending the width of two bottom 
sash, with single post running up behind top sash and con- 
cealed by art glass in upper sash, the arrangement being the 
same as in Pullman sleeping cars. All sash to be made of ma- 
hogany and finished on inside in natural wood, and on outside 
filled and painted in same manner as outside of car body, or 
finished in natural wood. The lower sash to raise not less 
than 22 inches, or to such a height that the bottom of sash 
when raised shall be not less than 4 feet 3 inches above car 
floor. Sash to be fltted with National sash locks, and all 
necessary springs, locks, lifts, etc. Deck sash to be of mahog- 
any, hinged at bottom and secured by bronzed spring catches 
which are operated by bronze hooks. Shape of side windows 
and deck sash to be oval tops like latest Pullman cars. 

Glass: 

All windows and doors, except door sash, are to be glazed 
with best polished American Plate Glass ^-inch thick, set in 
rubber, and secured with neat moldings and bronze screws. 
Deck sash to be glazed with art glass ; also top stationary sash 
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« 
in side windows to be glazed with leaded art glass. A dupli- 
cate removable sash for all side windows and vestibule front 
windows for winter service shall be furnished by the car 
builder, glazed with E. A. No. 1 glass, in mahogany and to be 
secured for winter use by an approved design of such a nature 
as will not deface or injure the outside finish of the car. The 
vestibule windows shall be so constructed as to be absolutely 
water tight when closed, similar to vestibule doors. Car 
builder shall guarantee that all doors shall be absolutely water 
proof. 

Curtains: 

All side windows to be fitted with Pantasote curtains 
mounted on extra heavy spring rollers and with roller-topped 
fixtures. The end windows and door back of front vestibule 
to be fitted with similar curtains arranged to shut off light 
from inside of car. 

Ceiling: 

Empire style, deck sash in pairs with oval tops, and with 
ceiling to be made of three-ply veneer, painted and tinted in 
some shade of blue, green or brown, and decorated in color 
and gold to suit purchaser. 

Interior Finish: 

All interior finish of car, panels, doors, sash moldings, etc., 
to be of solid select dark mahogany in natural color, varnished 
and rubbed down with pumice stone and oil to a smooth dead 
finish. The principal panels in interior of car to be plain, 
rich, dark mahogany. No veneers are to be used in these cars 
except ceiling, as specified herein. Special attention to be 
given in selecting all large panels of dark handsome grain. 
General interior to be rich, plain and smooth with few 
decorations. 

Doors: 

To be made of 1^-inch solid mahogany and glazed with 
bevel edge plate glass, to be finished same as interior finish of 
car. Rear end of car to have double automatic sliding doors 
in center. Front end of car to have double automatic sliding 
doors in center. Smoking partition to have single door to 
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Bwing toward rear of oar only, and glazed in upper portion 
with large bevel edge plate glass. All doors to have extra 
heavy hinges or latest type of hangers, handles, stops, guides 
and fittings, also heavy bronze catches to hold doors open. 

Smoking Compartment: 

Certain cars to be divided into smoking compartment and 
main passenger compartment by partition located four win- 
dows back from the front end and made to correspond with the 
interior finish of the balance of car. Glazed with plate glass at 
€ach side and with single swinging door in the center; also 
glazed with bevel edge plate glass in the upper portion, this 
door made to swing toward rear of car only. 

Baggage Compartment: 

Certain cars to have baggage compartment in front and 
occupying the space of the smoking compartment in the other 
cars and with partition separating the baggage compartment 
from the main passenger compartment, finished on each side 
to correspond with the interior finish of each compartment, 
paneled on both sides of door, and glazed with plate glass and 
thoroughly protected on baggage side by iron bars ; the door in 
center being made to swing towards passenger compartment 
only, and glased in upper portion only with bevel edge plate 
glass. Interior of baggage compartnKent to be finished in ash 
or other hard wood, oiled and varnished, or painted a light 
lead color, all windows and doors to be thoroughly protected 
by iron rods or wooden slat guards. Door opening at each side 
of baggage compartment 48 inches wide and fitted with sliding 
door, having upper part glazed with glass same as balance of 
car. Baggage door heads to be finished to correspond with out- 
side of car; to be protected on each side by heavy sheet steel ex- 
tending half way to top of door post and having door sills cov- 
ered by heavy steel plates. Each baggage compartment to be 
fitted with benches hinged to sides and made to fold against 
inside of compartment when not in use. Use hinged seats full 
length each side of compartment. Under baggage door sills to 
be so re-enforced as to prevent settling, also angle iron to pro- 
tect lower edge of sill from wagon wheels backing against car 
at baggage door. 
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Saloon : 

Each car to have a toilet room with oval leaded art glass 
window, located in rear left-hand corner of car looking toward 
rear end, paneled and finished to conform to interior finish of 
car, and to have transom top and sash for lighting interior 
and swinging door to open outwardly. Water cooler to be 
placed in alcove on outside of toilet room. Ventilator in roof 
over toilet room. Toilet room door to lock with a key. 

Trap Doors: 

Trap doors shall be placed in floors inside of car to conform 
with the position of the motors. No cross sills either of wood 
or steel shall be cut to provide for said trap doors, said trap 
doors shall be fitted with a strong ring and socket for lifting 
same, with the top level when closed ; said ring and socket to 
be of extra strength. 

Heaters: 

At closed side in front vestibule to be located a hot water 
heater, with hot water pipes extending along sides of car, and 
protected by metal shields, the heater to be so arranged as to 
be easily removed in the summer. Heater to be supplied and 
installed by the purchaser. 

Brake Staff: 

To be of If-inch round iron, forged, tapering from ratchet 
wheel, and be provided with 18-inch steel wheel. The pawl 
of the brake staff to be of suitable length and be fitted with 
best quality of i-inch twisted link chain. 

Seats: 

High back with head roll push-over type, with cushion, 34 
inches long and 17 inches wide ; corner grab handles of bronze, 
highly polished on springs with spring edge, and upholstered in 
plush. One reversible to be located at each unoccupied side 
window, except that all comer seats are to be with stationary 
back against partition or side of car. 

Smoking compartment to have same seats located in same 
manner, but to be upholstered in first class grade of white 
woven rattan. All seats are to be supplied by the purchaser 
and installed by the company. 
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Parcel Racks: 

All passenger compartments are to be fitted with bronze 
parcel racks of the continuous type, extending full length of 
each side of the compartment. All baggage compartments to 
have iron baggage racks or shelves conveniently located for 
carrying parcels or small express packages. 

Steps : * 

Bight-hand side of front vestibule and both sides of rear 
vestibule to be fitted with regular steam railway coach type of 
steps securely rodded together and fitted with safety treads of 
lead and steel, or Btanwood steel steps if desired by purchaser. 

Fender: 

Front end of each car to be fitted with a Providence heavy 
interurban car fender. 

Draw Bars: 

Both ends of each car to have Van Dorn's No. 11 radial draw 
bar; also a cast steel pocket or draw head, same as used on 
cars of Detroit United Eailway, with socket for link and 
pin, is to be rigidly fastened on top of each buffer in center, 
and a forged link about 6 feet long and 2^ inches in diameter 
at center, with each end forged to fit the socket and admit 
coupling pin. Is to be suspended on hooks under side of each 
car. 

Buffers : 

Each car to have buffer of oak, faced with 8-inch channels 
full width of car and extend not less than 8 inches beyond 
vestibule sheathing. 

PiASh Buttons: 

Each side post in passenger compartment to have electric 
push bottons, provided with all necessary signal bells, dry bat- 
teries, etc., with all wiring easily accessible. 

Trimmings: 

All metal trimmings, both inside and outside of car, to be 
of bronze highly polished, and securely held in place by bronze 
screws, unless specified otherwise herein. 
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Window Guards: 

The side windows of each car to be protected by five-rod 
iron window guards in sets for each double window, and 
hinged so as to drop down for cleaning windows. 

Register: 

Each car to have fare register with necessary rods and fix- 
tures, to be supplied by purchaser, and installed by the 
company. 

Oraft Handles: 

Each corner and vestibule post to be provided with bronze 
tube or hickory grab handles 24 inches long, and 1 inch in 
diameter, supported in bronze sockets, also horizontal grab 
handles on ends of cars in vestibules. 

trolley Board, Motorman's Steps, etc.: 

Boof of car to be fitted up with trolley board of suitable 
design, full length of car roof, set in brackets and bolted to 
roof and steel carlines by strap bolts and insulated from same 
by large rubber washers. Two diagonal corners of car to be 
fitted with motorman's steps, roof mats, handles, etc., for 
access to trolley and roof of car. Front end of car to be pro- 
vided with 14-inch foot gong and 5-inch conductor's signal bell. 

Floor Mats: 

Each passenger compartment to be supplied with strips of 
Manila matting, with zinc ends extending full length of com- 
partments and width of aisle between seats, laid loose so that it 
can be quickly removed for sweeping and scrubbing floor of car. 

Sand Boxes: 

Front end of each car to be equipped with two Nichols- 
Lintern Air Sanders, and with all necessary attachments, and 
so arranged as to drop sand on rails immediately in front of 
leading wheels. 

Headlight and Trolley Catcher: 

Each car to be supplied with one Wagenhals Arc Headlight 
on front end, and one Wilson trolley catcher on the rear end. 
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Car Wiring: 

Car builder shall wire cars for incandescent lamps — 35 in 
number — to be arranged as hereinafter specified. He shall 
further supply all approved switches and fuse blocks necessary 
for the installation, and he shall use none but extremely flexible 
tinned rubber-covered wire of extra heavy insulation of suffi- 
cient size, and shall arrange such ear wiring, either by means 
of conduits or moldings in such a manner that same may be 
accessible at all times. Car builder shall wire the cars from a 
point at the trolley base on the roof to a point under the car, 
as per plan to be obtained by him from the purchaser. He 
shall also furnish the wire and all necessary labor and material 
for this work. 

Car builder shall also furnish and install 35 incandescent 
16 candlepower lamps, Edison base, 16 plain and 19 frosted 
globes, of special low voltage, exact nature of same to be 
specified hereinafter together with necessary wiring fuses and 
switches as approved. 

Car lighting to be arranged as follows : 4 clusters of 4 lamps 
each in ceilings ; said lamps inclosed in Holophane globes sus- 
pended from ceiling; 3 in passenger compartment and 1 in 
smoker; and 8 on each side, suspended from ceiling over center 
of seats, spaced equally on each side of car, including smoking 
compartment. One lamp in each vestibule to be so arranged 
by means of a double throw switch as to enable either one or 
the other to be used as desired. 

Car builder shall also equip car complete with electric bells. 
One push button on each side of car adjacent to each seat; 
said push button to be inserted flush with woodwork, and to 
be of approved make ; and two electric bells shall be furnished 
to be placed above inside end doors; said bells to be 4-inch 
inclosed box type, of approved make, and operated by not less 
than 4 dry batteries of approved manufacture. 

Air Brakes: 

Each car to be equipped with air brakes ; each compressor to 
be suspended and incased in boxes underneath the car. Con- 
trolling valve in front vestibule only, and to be provided with 
air whistles; also hand brakes complete with wheel. Air 
brakes all to be supplied and installed by the purchaser ; hand 
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brakes by the truck builder and car builder jointly, and are 
to be connected and attached by the car builder. 

Painting: 

Cars shall be painted in accordance with M. C. B. specifica- 
tions, and of such colors as directed hereafter. Morley's white 
lead to be used throughout, special attention to be given car 
when in the white. Allow ample time for each coat to dry. 
Said cars to be given three coats of Morley's white lead and 
boiled linseed oil, outside with Sherwin & Williams finishings, 
and three coats extra heavy wearing body varnish outside. 

Inside to be given three coats of No. 1 rubbing varnish ; each 
coat to be thoroughly rubbed with pumice stone and oil ; final 
finish to be left "eggshell." Numbering and lettering to suit 
purchaser. Outside color shall be Big Four Railroad. Roof 
to be painted three coats heavy lead and oil on canvas. 

Material and Inspection: 

All material entering into the construction of these cars to 
be first class in every respect, and all labor to be performed in 
first class and workmanlike manner. The cars to be subject 
to the purchaser's inspection at any and all times during con- 
struction. 

Vestibule Curtains: 

Outside vestibule curtains shall be of strongest possible ma- 
terial, and shall be arranged vertically in such a manner as to 
roll up when the door is open. Special attention shall be 
given to the fixtures of same in order to make them as strong 
as possible. 

Inside Window Guards: 

All inside end or partition wmuows lO De provided with 
brass guards of three rods each; also partition windows in 
vestibule to be similarly protected. 

Miscellaneous Equipment: 

Each car shall be equipped with the following details: One 
complete system of railway lamps (signal), viz. : One green and 
white (inside), one red tail lamp, latest approved Adams & 
Westlake manufacture, stamped steel, together with 12 spare 
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lenses of each color, and lamps to be duplicate. Also furnish 
all sockets for the hanging of said lamps in place. 

Three flags of No. 1 bunting steam road regulation size ; one 
red, one white and one green, together with the supports for 
same as required and approved. 

Two brass fire extinguishers of approved make, and sup- 
ported in place inside of car as directed by the purchaser. 

Six extra heavy iron cuspidors in each smoking compart- 
ment. 

One water cooler, one glass and support therefor as ap- 
proved. 

One best quality Manila floor mat to extend entire length of 
center aisle. 

One removable rubber mat of extra thickness for each vesti- 
bule. 

One motorman's tool box in each vestibule. 

One motorman's stool, extra heavy, for each car. 

One emergency tool case with glass front, to be used in case 
of accident ; said case to be of similar finish to the interior of 
the balance of car; each shall contain one saw, one bar, one 
sledge and one axe. 

Two extra heavy motorman's switch irons, and approved 
steel spring clip and floor socket for same. One set in each 
vestibule. Switch irons to be made of J-inch steel with chisel 
point and neatly turned handle. 

Twelve pieces of glass of each separate size contained in these 
cars are to be supplied with the cars without extra charge, 
packed in boxes and delivered with the cars. 

Each car to have two small mahogany or bronze holders or 
pockets for time cards, folders, telegraph blanks, etc. 

All lumber to be No. 1 sound, merchantable and free from 
sap. 

With regard to the motive power, it will be noticed that 
four-motor equipments are advocated here on all double truck 
cars for the road under consideration, which is assumed to 
have average grades, possibly 5 or 6 per cent, maximum. Rail- 
way managers have gathered together reports of tests, and 
argued the point for some years, without coming to an agree- 
ment as to which is the most economical to operate. Figures 
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showing cost of operation, including power, platform expense, 
maintenance per car mile, car hour, seat mile, and even per 
occupied seat mile, have been presented without convincing 
very manv either way, except the compilers of the figures them- 
selves. The truth is that local conditions, including grades, 
necessary schedule speed and traffic density, should determine 
this question in each particular case, and while four-motor 
equipments seem to be the fashion at present, there are many 
cases where two motors would be more satisfactory, taking 
all things into consideration. Two-motor equipments on 
maximum traction trucks is an attempt to utilize nearly the 
total weight of the car for traction purposes, and such equip- 
ments, when conditions are right, as easy grades, and little 
snow, give the best results. But the engineering condition 
exists that as the torque of the motors approximates the trac- 
tion coeflScient of the wheels with the track, the power con- 
sumption per car mile increases rapidly, and the maximum 
traction coefficient possible depends on the condition of the 
railhead. When any comparison is made to find the difference 
in cost of operation between tw^o-motor and four-motor cars, 
it is only fair when the cars have the same seating capacity, 
and the same total power. In general, when the proper condi- 
tions are followed the power consumed by the four-motor car 
will.be somewhat in excess of the two-motor car, due to the 
increased weight of four motors over two motors of the same 
total power and also to the lower efficiency of the smaller 
motors. 

To show how easily one may be misled when the conditions 
are slightly altered a test was once made on one of the high 
speed, third rail lines of the New York, New Haven & Hart- 
ford Railroad between two cars similar in all respects, except 
that one car was equipped with two motors only, both on one 
truck, while the other had both trucks equipped with similar 
motors to those on the two-motor car, thus doubling the power 
of the second car, and considerably increasing its weight. 
The schedule time was fixed, as were the number of stops, for 
the test was made in regular service. The length of the run 
was about 12 miles, with 7 stops. The schedule was made for 
the two-motor car, which had been maintaining it for some time 
with no difficulty. During the test, readings were taken from 
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speed recorders, volt meters and ammeters, and watt meters. 
All readings were carefully checked and instruments calibrated 
afterward. Speed-time curves, and others showing current, 
and voltage, and watts throughout the run, were plotted. 
At first the result was surprising, for the four-motor equip- 
ment consumed about 10 per cent, less energy per trip, than 
the two-motor, while maintaining exactly the same schedule. 
The curve of current consumed showed the reason plainly. The 
acceleration of the four-motor car was so high that, to avoid 
running ahead of the schedule, the power was frequently shut 
off, and the car drifted some distance, at intervals, while the 
two-motor car, which was geared to about 45 miles per hour, 
had to use current continuously between stops, in order to 
keep on time. The test was of interest, but the result did 
not show that four-motor cars would give better service on 
that line, unless it was desired to introduce a higher speed 
schedule. The fixed charges on the higher first cost of the 
equipment, as well as the increased maintenance, would more 
than counterbalance the slight saving in energy. 

Under favorable conditions, two-motor cars can be made to 
give a more satisfactory and efficient service than cars with 
four motors, unless reserve power is neede<} at times, as in case 
of grades and snow. Then what is needed is greater tractive 
effort, and the four-motor car gives it. With every wheel a 
driver, and the whole weight of the car and its load available 
to increase the traction ; with four motors of the proper rating 
to correspond with the weight to be moved, and the speed 
schedule desired ; the railway manager has little cause to appre- 
hend a serious interruption to the service. This is the point 
which impels many to adopt four-motor equipments, with the 
full understanding that even if more power is required, the 
additional expense is warranted if a fairly uninterrupted ser- 
vice can be given the public. 

Some figures of interest in regard to the amount of power 
required at the switchboard to drive a large number of cars 
were obtained by the Brooklyn Rapid Transit Co. 

When 224 elevated motor cars and 1,247 surface cars were in 
operation the average power station load was 51,171 amperes 
at about 550 volts. It is estimated that this current divides 
so that each elevated car takes an average of 67 amperes and 
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a surface car 29 amperes. As neither heating nor lighting was 
in use at the time the following estimate was made up, which 
is very nearly correct. 

(a) Surface Car. 

Kilowiiit" 
Amperes. per r»v. 

Operation 29 15.95 

Heating 6 8.3 

Lighting 2 1.1 

(b) Elevated Car. 

Operation 67 86.85 

Heating 15 8.25 

Lighting 2 1.1 

In Manhattan, New York, bn" the elevated system, the cur- 
rent consumed in the oi)eration^6f an average loaded car is 
35 amperes at 600 volts or 21 kw.^: For lighting 1.5 kw. is al- 
lowed, while 4.8 kw. must be provided for heating and 0.6 kw. 
for operating air pumps. This amounts to 27.9 kw. at the 
car, and, assuming that the car kilowatts represent 78 per 
cent, of the station kilowatts, it will be s^n that there must be 
an output of 35.7 kw. at the station for each car in operation. 

On the surface lines in Manhattan it is said that the power 
required for each car is about 16 kw. in summer and 25 kw. 
in winter. This includes current for both light and heat. 



'O' 



Car Heating and Lighting , 

The heating of an electric car is a problem surrounded by 
many variable conditions, and marked differences of opinion. 
It may be stated that there are only three methods of heating, 
viz., by electric heaters, hot water heaters and coal stoves. 'The 
selection of the best method for an average rb&^f located in a 
cold climate, is by no means easily decided. •, 

The more important factors which influence tb^ decision are : 

(1) First cost. 

(2) Cost of heat. 

(3) Convenience in handling. 

(4) Type of car. 

(5) Character of the run. 

(6) The severity of the climate. 

It will be admitted that it is possible to heat any car by 
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any of the three methods, though each has its advantages 
and disadvantages, but it may well be asked, what is meant by 
a properly heated car? Experience with your own particular 
public can best determine this, for the behavior of the majority 
will soon inform the management whether the heating is satis- 
factorv or not. 

All railroads have learned the lesson that it is impossible to 
heat and ventilate any kind of a car to the satisfaction of 
everyone in it. Such are the vagaries of the traveler that the 
car is always too hot for one and too cold for his neighbor. 
There is usually a considerable majority who are sane on the 
subject, and who do not complain unless there are good rea- 
sons for so doing. Experience has generally shown that in 
city service small cars making frequent stops should have a 
temperature varying between 50** and 60° F. during cold 
weather. In this service the distance ridden per passenger is 
short, and it is not customary to remove outer clothing, so the 
car should not be too hot. On interurban runs the situation 
is entirely different. The stops are infrequent; the time 
spent in the car is greater; the door is open but little; 
and the passengers remove their overcoats and wraps just 
as they do on a steam train, and expect to be kept as 
warm as if in their homes. This requires an average tem- 
perature of 68° F. On suburban runs the temperature is 
necessarily between those given for the two kinds of service 
described above, and depends on the length of the run, and the 
habits of the people in each particular locality. 

Very often unsatisfactory car heating is not due to the 
apparatus employed, but to its careless manipulation. A car 
may be equipped with electric heaters and with a heater switch 
which gives, in its different positions, three changes in the 
quantity of heat radiated. The conductor, who is very busy, 
receives a complaint, and suddenly realizes that the car is 
too cold, and turns on full heat. A little later the car is too 
hot, and he cuts all the heat off. Another car may be equipped 
with stoves, or hot water, and it is evident that the satisfactory 
heating of that car depends entirely on the attention given the 
fire by the one in charge of it. The running of the electric 
heaters has been improved upon by some roads in recent years 
in the following manner. The despatcher notifies each termi- 
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nal, or certain central points, to display a sign indicating 
what position to put the heater switch, as "H 2," meaning 
**heater on second position," and conductors or motormen are 
expected to be guided constantly by these signs, which are 
changed only when the despatcher considers it necessary. 
On some roads the crew of the car do not control the heaters, as 
this work is performed by the inspectors, who carry keys to the 
switch boxes on the cars. This is an undoubted improvement, 
for the inspectors have time to devote to the heating question, 
while the crew are usually busy. Many interurban roads in 
the West have their cars heated by hot water, and the heater 
is carried in the front vestibule, in a single ended car, with the 
motorman. This has proved a satisfactory method of handling 
the heater, for the motorman can always keep informed as to 
the condition of the fire, and can easily give a few minutes of 
his time to it, during each run. 

Taking up, in order, the principal points to be considered in 
the selection of a proper heating system, the first cost is an 
item which is not of so much importance unless combined with 
low cost of heat. It may be said generally that stoves are far 
the cheapest in first cost, and that electric heaters are next 
and hot water the highest. In cost of producing heat stoves 
are again the cheapest, hot water next and electric heat much 
higher. Certain comparisons and tests were once made on a 
large interurban car in severe weather. It was found that it 
required a current of 30 amperes at 500 volts, which supplied 
24 heaters, to keep the car at the proper temperature. This 
current was equivalent to 15 kw., which cost, at the car, very 
close to one cent per kw.-hour, making the cost of heat 15 cents 
per hour, or |2.70 per day of 18 hours. Hot water heat 
was placed in the same car, and under like conditions, the 
same temperature was maintained at a cost of about 40 cents 
per day, or 2J cents per hour, for the coal consumed, there 
being no other charges, thus saving over 85 per cent, on cost 
of heat. 

The above is evidently an extreme case, and the larger the 
car the greater will be the difference in cost. On the other 
hand, a smaller car may be suflSciently heated by a current of 
10 amperes, or 5 kw., making the cost of heat, with electric 
heaters, but five cents per hour. 
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In general it will be found impossible to heat with the 
electric current as cheaply as with the other methods, but the 
reason why electric heaters are so extensively used is no doubt 
due to the third point mentioned, viz. : convenience in handling. 

No other method of heating is so convenient. It is clean, 
easy to maintain and seldom gives trouble. For these rea- 
sons it is extensively used on most of our large city and 
suburban systems, and many of these systems are producing 
power at the car for considerably less than 1 cent per kw.-hour. 

On the other hand, it is seldom realized that a considerable 
annual saving could be made in a large city system, using 
short cars, by substituting a stove for the electric heaters. 

Hot water heat for interurban cars has been widely adopted 
during the past few years, and it has been very successful, for 
no system can distribute the heat so uniformly throughout 
the car. There are objections to it, of course, principal among 
which is the danger of freezing during the night if the fire 
goes down, and the car is not in a warm house. This is partly 
overcome by the use of brine, but the whole system needs more 
care and attention than either of the others. In some inter- 
urban cars, especially the double ended type, which include a 
passenger and smoking or baggage compartment, the hot water 
heater is usually placed close to the partition on one side or the 
other, and there are hot water heaters which are placed under- 
neath the car, and fired from the ground. It has been said that 
an ideal system is one in which the water circulating through 
the pipes is heated by the current. It does not appear, how- 
ever, that a successful system of this class has been yet put 
into use. 

The other points mentioned as influencing the selection of the 
system of heating — the type of car, the character of the run 
and the severity of the climate — have been sufficiently touched 
upon in the general discussion above. 

One move, which has been recently more general, is the 
adoption of portable storm sash placed outside the regular 
sash, during cold weather. This has a very considerable effect 
on the cost of heating a car, just as it has on a house. In cars 
with longitudinal seats, the only position available for electric 
heaters is in the panel just under the seat. Where there are 
cross seats they have almost invariably been placed beneath 
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the seats, a location with some objecrtions. Recently cars have 
been built with heaters located between the seats, attached to 
the truss plank. Where it is possible to do so, this is a far 
better location. Sometimes heaters have been placed beneath 
the floor, with a register above them, and the air supplied 
from outside. Heater wiring has had little attention given it 
in the past, and much of it has been complicated and badly 
done, causing at times a grounded heater on a wet day, which 
is sometimes unpleasant for the passengers. Fig. 88 shows a 
recent heater wiring plan. In selecting the type of electric 
heater it should be remembered that the amount of heat pro- 
duced in the car is governed by the current consumed, and is 
absolutely independent of the type of heater. 

Some heaters will radiate heat faster than others and run 
cooler, and a larger number of heaters will run cooler, and 
give a better distribution of heat than a smaller number which 
are forced to give out the same total amount of heat. In addi- 
tion to selecting the proper number, a type should be chosen 
which is well built mechanically, and which can be easily re- 
paired by the employees in the car house. 

Probably the arrangement and method of lighting electric 
cars shows less changes than any other fixture, for until very 
recently almost no attention was paid to it from the beginning. 
The well-known arrangement consisting of one or more three- 
or four-lamp clusters attached to the head lining, in the center 
line of the dome, with perhaps a single lamp at each end 
alternately exchanged with the headlight at the opposite end, 
was in use on nearly all cars for many years. With the advent 
of longer cars it was finally decided to distribute the light 
more uniformily, and to increase the number of lamps. One of 
the first changes was to abandon the clusters and place the 
lamps in two parallel rows along the dome, each side of the 
center. Another change was to take the lamps out of the dome, 
and place them in a row under the deck lights on each side, or 
on the curve of the roof outside the deck plates. This gave 
a light over every seat, in a cross seated car, and made it more 
convenient to read. This plan is now very generally used, and 
in addition a smaller number of larger lamps are placed in a 
row in the center of the dome for general illumination. (See 
Fig. 89.) In the larger interurban cars where the empire, or 
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semi-empire type of ceiling is used, the arches from one side 
post to the other, across the car, are studded with nearly semi- 
circular rows of four or five lamps on each arch, which gives 
a very beautiful effect. Frosted globes and well designed fix- 
tures have all assisted in this. 

Probably the first attempts at artistic car lighting by elec- 
tricity were made by those firms who supply apparatus for 
lighting steam trains, at the demand of the steam railroads. In 
the West, the competition between the steam roads has caused 
the construction of most luxuriously appointed trains, and no 
expense has been spared. Not the least of the improvements 
has been the electric lighting, and its development has been 
very rapid during the past few years. By far the finest effects 
can be seen in some of the Pullman sleeping or dining cars on 
those roads. While the arrangement and amount of light in the 
modern electric car has been greatly improved recently, there is 
still room for further improvement. Where light can be so 
easily obtained as in an electric car, there is no excuse for a 
dark, dingy car. 

The marker lights or signal lights on a car should be inde- 
pendent of the power circuit. Especially is this true of the 
tail lights, and on account of safety an oil lamp, or low voltage 
electric lamp fed from a storage battery, is to be preferred. 

Car Wiring 

Little or no attention has been paid to this important sub- 
ject, except in rare instances, until within the past year or 
two. The number of fires attributable to defective wiring in 
the past must reach into the thousands. Usually attended by 
more or less of a panic among the passengers, and damage to 
the car, it is difficult to account for the careless, unscientific 
manner in which the work was done, or why steps were not 
taken to correct it years ago. During this same period great 
improvements were continually being made in house wiring 
methods, under pressure from the insurance people, in order 
to render a house reasonably safe from fire. But electric cars 
were seldom or never insured; if they had been, a method of 
protecting the car would have been at once devised. The vast 
majority of cars have always been wired by the car builders, 
who receive the necessary cables, and other equipment, from 
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the electric manufacturing companies. The latter wired the 
early cars, and when the car builders took it up the same 
original methods were followed, and there are thousands of 
cars in service to-day, and new cars being wired, with the old 
familiar canvas-covered cables running along under the sills, 
or beneath the floor, held in place by leather straps tacked to 
the woodwork. If an iron rod or brace has to be passed, the 
cable is frequently in contact with it, the canvas and rubber in- 
sulation being considered sufl8cient. Motor and rheostat leads 
are run any way, the former hanging about the motor frame, 
rubbing on it every time the truck turns, and often where in- 
side brakes are used, the live lever tie bar passes over the top 
of the motor, and rubs the leads whenever the brake is operated. 
The above is a very common condition of affairs, and when a 
lead periodically short-circuits the current, a new one is sup- 
plied as a matter of course, without apparently a thought that 
the trouble could be corrected. Rheostats are commonly at- 
tached to the woodwork beneath the car under conditions which 
almost insure the car taking fire, should they get very hot, and 
it is well known that there are times when the condition of 
track, and the grade, and possibly when using one motor, that 
the motorman cannot help heating the rheostats. 

Not long ago some car builders made what they considered 
an improvement in wiring interurban cars. These cars had a 
pair of longitudinal center sills, and the space between them 
was kept sufficiently clear to contain the cables, and then was 
closed in with wood. It was an improvement so far, but they 
put the air brake pipes in the same space and allowed the 
cables to be in frequent contact with them, thus giving no pro- 
tection except the insulation, between the positive side and the 
ground. It might be argued that there is no movement of pipes 
or cables, under the conditions, and for that reason it is safe. 
It is not denied that such cars might run years with no trouble, 
but it is not good practice, and all railroad men know that 
when a car is under headway the whole structure of pipes, 
rods and sills, becomes flexible, and each has a movement of its 
own more or less pronounced. This movement of the car 
structure was responsible for the fact, noticed some time ago, 
that solid copper wire nearly always gives trouble by breaking, 
when used about a car. It lacked the flexibility possessed by 
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stranded wire, and was unable to withstand the stretching it 
was subjected to. 

The most careful work in wiring cars is very essential, and 
there is no reason why such wiring should not be made safe; 
and in order to do so, even if the insulation of wires and cables 
is of the best, they should be treated as bare wires, as the in- 
surance underwriters say. The maze of iron pipes, rods and 
braces under modern cars renders it necessary to protect the 
wires from rubbing or chafing, with the utmost care. The 
working and straining of the car body ; the swing of the trucks 
and brake rods; and compression of springs, must all be care- 
fully considered, for no precaution in protecting the wires, 
however great, can make them absolutely safe. 

Within the past year or two some great improvements in car 
wiring, made by the electrical manufacturers and some rail- 
road companies, are noticed. In some interurban cars the 
entire surface beneath the floor is covered by a fireproof ma- 
terial resembling tough asbestos board. When multiple unit 
control is used the main wires are not made up in cables, but 
all wires between motors, contactors or rheostats, are run 
side by side, each wire in its own fireproof duct, made of the 
above material. 

The possibility of serious loss of life if a fire occurred on a 
car of a subway train, was one of the reasons why car wiring 
was finally taken up by electrical engineers, and a system of 
wiring was soon evolved, which, while it is capable of improve- 
ment, was a long step in advance of other methods. It was 
simply the placing of cables and other wires in iron pipe con- 
duits. This method, when fully developed, is the natural solu- 
tion of the problem, when we consider the progress in house 
wiring, and is to be without doubt one of the standard methods 
of the future. It is almost the only method which can be 
adopted with safety if high tension currents are to be carried 
into the car. (See Fig. 90.) The number of city and suburban 
cars now being wired in iron pipe is continually increasing. 
It cannot be said to be a new idea, for it was tried a number 
of years ago with success, but its cost was considered pro 
hibitive. At the present time, the safety of the passengers, and 
the preservation of the cars, is considered before cost. The 
National Board of Underwriters has drawn up a set of rules 
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for car wiring which was greatly needed. These rules 
follow : 

CAR WIRING SUPPLEMENT 
TO THE 1903 EDITION OP THE **NATIONAL ELECTRICAL CODE." 

Rules and Requirements of the National Board of Fire Under- 
writers for the Equipment and Wiring of Electric Rail- 
way Cars. As recommended by the Underwriters' National 
Electric Association. 

CLASS C. — INSIDE WORK. LOW-CONSTANT-POTBNTIAL SYSTEMS. 

550 VOLTS OR LESS. 

32. Car Wiring and Equipment of Cars. 
a. Protection of Car Body, etc. 

1. Under side of car bodies to be protected by approved fire- 
resisting insulating material, not less than i inch in thickness, 
or by sheet iron or steel, not less than .04 inch in thickness, as 
specified in Sections 2, 3 and 4. This protection to be pro- 
vided over all electrical apparatus, such as motors with a ca- 
pacity of over 75 horse power, each, resistances, contactors, 
lightning arresters, air-brake motors, etc., and also where wires 
are run, except that protection may be omitted over wires de- 
signed to carry 25 amperes or less if they are incased in metal 
conduit. 

2. At motors of over 75 horse power each, fire-resisting ma- 
terial or sheet iron or steel to extend not less than 8 inches 
beyond all edges of openings in motors, and not less than 6 
inches beyond motor leads on all sides. 

3. Over resistances, contactors and lightning arresters, and 
other electrical apparatus, excepting when amply protected by 
their casing, fire-resisting material or sheet iron or steel to ex- 
tend not less than 8 inches beyond all edges of the devices. 

4. Over conductors, not incased in conduit, and conductors 
in conduit when designed to carry over 25 amperes, unless the 
conduit is so supported as to give not less than ^ inch clear air 
space between the conduit and the car, fire-resisting material 
or sheet iron or steel to extend at least 6 inches beyond con- 
ductors on either side. 

Note — The fire-resisting insulating material or sheet iron or steel may be 
omitted over cables made up of flame-proof braided outer covering when sur- 
rounded by J-inch flame-proof covering, as called for by Section i, 4. 
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5. In all cases fireproof material or sheet iron or steel to have 
joints well fitted, to be securely fastened to the sills, floor tim- 
bers, cross-braces, and to have the whole surface treated with 
a waterproof paint. 

6. Cut-out and switch cabinets to be substantially made of 
hard wood. The entire inside of cabinet to be lined with not 
less than ^-inch fire-resisting insulating material, which shall 
be securely fastened to the woodwork, and after the fire-resist- 
ing material is in place the inside of the cabinet shall be treated 
with waterproof paint. 

b. Wires, Cables, etc. 

1. All conductors to be stranded, the allowable carrying ca- 
pacity being determined by Table A, of Rule No. 16, except 
that motor, trolley and resistance leads shall not be less than 
No. 7 B. & S. gauge, heater circuits not less than No. 12 B. & S. 
gauge, and lighting and other auxiliary circuits not less than 
No. 14 B. & S. gauge. 

The current used in determining the size of motor, trolley 
and resistance leads shall be a per cent, of the full-load current, 
based on one hour's run of the motor, as given by the following 
table : 

Size Each Motor Trolley Reeistance 

Motor. Leads. Leads. Leads. 

75h.p.orless 50jf 40% 15% 

Over75h.p 46% S6% 16% 

Note.— Fixture wire complying with Rule No. 46 will be permitted for 
wiring approved clusters. 

2. To have an insulation and braid as called for by Rule No. 
41 for wires carrying currents of the same potential. 

3. When run in metal conduit, to be protected by an ad- 
ditional braid as called for by Rule No. 47. 

Note. — Where conductors are laid in conduit, not being drawn through, 
the additional braid will not be required. 

4. When not in conduit, in approved molding, or when not in 
cables surrounded by ^-inch flame-proof covering, to be pro- 
tected by an additional flameproof braid, at least ^ inch in 
thickness, the outside being saturated with a preservative 
flame-proof compound. 

Note. — This rule will be interpreted to include the leads from the motors. 
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5. Must be so spliced or joined as to be both mechanically 
and electrically secure without solder. The joints must then 
be soldered and covered with an insulation equal to that on the 
conductors. 

Note. — This rule will not be construed to apply to connection of leads to 
motors, plows, or third-rail shoes. 

6. All connections of cables to cut-outs, switches and fittings, 
except those to controller-connection boards, when designed to 
carry over 25 amperes, must be provided with lugs or terminals 
soldered to the cable, and securely fastened to the device by 
bolts, screws, or by clamping ; or, the end of the cable, after the 
insulation is removed, shall be dipped in solder and be fas- 
tened into the device by at least two set screws having check 
nuts. 

All connections for conductors to fittings, etc., designed to 
carry less than 25 amperes, must be provided with turned-up 
lugs that will grip the conductor between the screw and the 
lug, the screws being provided with flat washers; or by block 
terminals having two set screws, and the end of the conductors 
must be dipped in solder. Soldering, in addition to the con- 
nection of the binding screws, is strongly recommended, and 
will be insisted on when above requirements are not complied 
with. 

Note. — This rule will not be construed to apply to circuits where the 
maximum potential is not over 26 volts and current does not exceed 5 amperes. 

c. Cut-outs, Circuit Breakers and Switches. 

1. All cut-outs and switches having exposed live metal parts 
to be located in cabinets. Cut-outs and switches, not in iron 
boxes or in cabinets, shall be mounted on not less than ^-inch 
fire-resisting insulating material, which shall project at least 
i inch beyond all sides of the cut-out or switch. 

2. Cut-outs to be of the approved cartridge or approved blow- 
out type. 

3. All switches controlling circuits of over 5-ampere capac- 
ity shall be of approved single-pole, quick-break, or approved 
magnetic blow-out type. 

Switches controlling circuits of 5-ampere or less capacity 
may be of the approved single-pole, double-break, snap tyx)e. 

4. Circuit breakers to be of approved type. 
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5. Circuits must not be fused above their safe carrying ca 
pacity. 

6. A cut-out must be placed as near as possible to the current 
collector, so that the opening of the fuse in this cut-out will cut 
off all current from the car. 

Note. — When cars are operated by metallic return circuits, with the circuit 
breakers connected to both sides of the circuit, no fuses in addition to the 
circuit breakers will be required. 

d. Conduit. 

Note.— When from the nature of the case, or on account of the size of the 
conductors, the ordinary pipe and junction box construction is not permissible, 
a special form of conduit system may be used, provided the general require- 
ments as given below are complied with. 

1. Metal conduits, outlet and junction boxes to be con- 
structed in accordance with Rule No. 49, except that conduit 
for lighting circuits need not be over ^ inch internal diam- 
eter and i inch external diameter, and for heating and air- 
motor circuits need not be over f inch internal diameter and 
^ inch external diameter, and all conduits where exposed to 
dampness must be water-tight. 

2. Must be continuous between and be flirmly secured into all 
outlet or junction boxes and fittings, making a thorough me- 
chanical and electrical connection between the same. 

3. Metal conduits, where they enter all outlet or junction 
boxes and fittings, must be provided with approved bushings 
fitted so as to protect cables from abrasion. 

4. Except as noted in Section i, 2, must have the metal of 
the conduit permanently and effectively grounded. 

5. Junction and outlet boxes must be installed in such a 
manner as to be accessible. 

6. All conduits, outlets, or junction boxes and fittings to be 
firmly and substantially fastened to the framework of the car. 

e. Moulding. 

1. To consist of a backing and capping, and to be con- 
structed of fire-resisting insulating material, except where cir- 
cuits which they are designed to support are nominally not 
exposed to moisture, they may be constructed of hard wood. 

2. When constructed of fire-resisting insulating material, the 
backing shall be not less than i inch in thickness and be of a 
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width sufiSeient to extend not less than 1 inch beyond conduct- 
ors at the sides. 

The capping, to be not less than ^ inch in thickness, shall 
cover and extend at least f inch beyond conductors on either 
side. 

The joints in the moulding shall be mitered to fit close, the 
whole material being firmly secured in place by screws or nails, 
and treated on the inside and outside with a waterproof paint. 

Note. — When fire-resisting moulding is used over surfaces already pro- 
tected by ^inch fire-resisting insulating material, no backing will be required. 

3. Wooden mouldings must be so constructed as to thor- 
oughly encase the wire and provide a thickness of not less than 
f inch at the sides and back of the conductors, the capping 
being not less than ^ inch in thickness. Must have both out- 
side and inside two coats of waterproof paint. 

The backing and the capping shall be secured in place by 
screws. 

f. Lighting and Lighting Circuits. 

1. Outlets to be provided with either single lamps of not over 
32 cp., the lamps being supported in approved porcelain recep- 
tacles, or with approved clusters. 

2. Circuits to be run in approved metal conduit, or approved 
moulding. 

3. When metal conduit is used, except for sign lights, all 
outlets to be provided with approved outlet boxes. 

4. At outlet boxes, except where approved clusters are used, 
porcelain receptacles to be fastened to the inside of the box, 
and the metal cover to have an insulating bushing around open- 
ing for the lamp. 

When approved clusters are used, the cluster shall be thor- 
oughly insulated from the metal conduit, being mounted on 
blocks of hard wood or fire-resisting insulating material. 

5. Where conductors are run in moulding the porcelain recep- 
tacles or cluster to be mounted on blocks of hard wood or of 
fireproof insulating material. 

g. Heaters and Heating Circuits. 

1. Heaters to be of approved type. 

2. Panel heaters to* be so constructed and located that when 
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heaters are in place all current-carrying parts will be at least 
4 inches from all woodwork. 

Heaters for cross-seats to be so located that current-carrying 
parts will be at least 6 inches below under side of seat, unless 
under side of seat is protected by not less than J-inch fire- 
resisting insulating material, or .04-inch sheet metal, with 
1-inch air space over same, when the distance majr be reduced 
to 3 inches. 

3. Circuits to be run in approved metal conduit, in approved 
moulding, or if the location of conductors is such as will permit 
an air space of not less than 2 inches, on all sides, except from 
the surface wired over, they may be supported on porcelain 
knobs or cleats, provided the knobs or cleats are mounted on 
not less than ^-inch fire-resisting insulating material extending 
at least 3 inches beyond conductors at either side, the supports 
raising the conductors not less than i inch from the surface 
wired over, and being not over 12 inches apart. 

h. Air Pump Motor and Circuits. 

Ir Circuits to be run in approved metal conduit or in ap- 
proved moulding, except that when run below the fioor of the 
car they may be supported on porcelain knobs or cleats, pro- 
vided the supports raise the conductor at least J inch from the 
surface wired over and are not over 12 inches apart. 

2. Automatic control to be enclosed in an approved metal 
box. Air pump and motor, when enclosed, to be in approved 
metal box or a wooden box lined with metal of not less than 
-^ inch in thickness. 

When conductors are run in metal conduit, the boxes sur- 
rounding automatic control and air pump and motor may serve 
as outlet boxes. 

i. Main Motor Circuits and Devices. 

1. Conductors connecting between trolley stand and main 
cut-out or circuit breakers in hood, to enter car through ap- 
proved bushings, or to be protected where wires enter car to 
prevent ingress of moisture. 

2. Conductors connecting between third-rail shoes on same 
truck, to be supported in an approved fire-resisting insulating 
moulding, or in approved iron conduit supported by soft rubber 
or other approved insulated cleats. 
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3. Conductors on the under side of the car, except as noted 
in No. 4, to be supported in accordance with one of the follow- 
ing: 

a. To be run in approved metal conduit, junction boxes being 
provided where branches in conduit are made, and outlet boxes 
where conductors leave conduit. 

b. To be run in approved fire-resisting insulating moulding. 

c. To be supported by insulating cleats, the supports being 
not over 12 inches apart. 

4. Conductors, with flame-proof braided outer covering, con- 
necting between controllers at either end of car, or, controllers 
and contactors may be run as a cable, provided the cable where 
exposed to the weather is incased in a canvas hose or canvas 
tape, thoroughly taped or sewed at ends and where taps from 
the cable are made, and the hose or tape enters the controllers. 

Conductors with or without flame-proof braided outer cov- 
ering connecting between controllers at either end of the car, 
or, controllers and contactors may be run as a cable, provided 
the cable throughout its entire length is surrounded by ^-inch 
flame-proof covering, thoroughly taped or sewed at ends, or 
where taps from cable are made, and the flame-proof covering 
enters the controllers. 

Cables, where run below floor of car, may be supported by 
approved insulating straps or cleats. Where run above floor 
of car, to be in a metal conduit or wooden box painted on the 
inside with not less than two coats of flame-proof paint, and 
where this box is so placed that it is exposed to water, as by 
washing of the car floor, attention should be given to making 
the box reasonably waterproof. 

Canvas hose or tape, or flame-proof material surrounding 
cables after conductors are in same, to have not less than two 
coats of waterproof insulating material. 

5. Motors to be so drilled that, on double-truck cars, 
connecting cables can leave motor on side nearest to king 
bolt. 

6. Resistances to be so located that there will be at least 6 
inches air space between resistances proper and fire-resisting 
material of the car. To be mounted on iron supports, being in- 
sulated by non-combustible bushings or washers, or, the iron 
43upports shall have at least 2 inches of insulating surface be- 
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tween them and metal work of ear ; or, the resistances may be 
mounted on hard-wood bars, supported by iron stirrups, which 
shall have not less than 2 inches of insulating surface between 
foot of resistance and metal stirrup, the entire surface of the 
bar being covered with at least ^-inch fire-resisting insulating 
material. 

The insulation of the conductor, for about 6 inches from ter- 
minal of the resistance, should be replaced, if any insulation 
is necessary, by a porcelain bushing or asbestos sleeve. 

7. Controllers to be raised above platform of car by a not 
less than 1-inch hard-wood block, the block being fitted and 
painted to prevent moisture working in between it and the 
platform. 

j. Lightning Arresters. 

1. To be preferably located to protect all auxiliary circuits 
in addition to main motor circuits. 

2. The ground conductor shall be not less than No. 6 B. & S. 
gauge, run with as few kinks and bends as possible, and be se- 
curely grounded. 

k. General Rules. 

1. When passing through floors, conductors or cables must 
be protected by approved insulating bushings, which shall fit 
the conductor or cable as closely as possible. 

2. Mouldings should never be concealed except where readily 
accessible. Conductors should never be tacked into mouldings. 

3. Short bends in conductors should be avoided where pos- 
sible. 

4. Sharp edges in conduit or in moulding must be smoothed 
to prevent injury to conductors. 

Note. — The foregoing rules are laid down as embodying the principal pre- 
cautions necessary in safeguarding street railway cars from the fire hazard of 
their own electrical appliances. It is not expected that old equipments will 
be rapidly brought up to this standard, but it should be required that all new 
equipments and repairs to old equipments closely follow the rules. 

The methods of joining the motor leads to the cable taps have 
always been unsatisfactory. That most commonly used, the 
brass screw-connecting sleeve with no solder, and covered with 
several layers of tape, is a particularly crude method, making it 
very inconvenient to disconnect when trucks are removed from 
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the car. Several clamp connections, of various designs, are 
being nsed, into which the leads are soldered and no screws 
used, but these must be covered with tape, or a rubber jacket, 
made for the purpose. A few roads have used connection 
boxes for a number of years. These they manufactured them- 
selves, and they were attached either to the motor frame or the 
car body. The boxes contain a row of brass terminals, to 
which are screwed the connections which are soldered to the 
motor leads and cable taps. All who have used such boxes 
realize their great convenience, and though for some reason the 
electric manufacturing companies apparently discouraged their 
use, they are now being frequently specified by the railroads on 
new equipment, and will no doubt come into general use. 

The proper connections between motor leads and cable taps- 
are usually indicated by the manufacturers, by brass tags at- 
tached to the leads which correspond to those on the taps. If 
these should become disarranged or lost, it is often puzzling to 
make the proper connections, especially if there is not sufficient 
time to ring out each wire to the controller with a magneto, or 
a battery and bell. The connection boxes before mentioned 
obviate most of this inconvenience, for the cable taps are per- 
manently connected to the four terminals in the box corre- 
sponding to the two armature, and two field leads, of each mo- 
tor (if the boxes are attached to the car body), known for No. 
1 motor, as A„ AA^, F„ and E, respectively. No. 2 motor leads 
are A,, AA„ etc. A, may be called the positive side of the 
armature and AA, the negative, while F, is the positive field 
lead, and E, the negative. When the motors are in series the 
current from No. 1 motor at E* is carried through the cable 
and controller to A^, but when the motors are in parallel E, 
is grounded, as well as E,. Throwing the reverse lever from 
forward to back position reverses the position of A, and AA„ 
thus allowing the current to flow through the armature in the 
opposite direction, without altering the field connections. 

If cables are found with no tags, and it is attempted to con- 
nect up properly by the cut and try method, which is often 
done, it is interesting to know the possible number of right and 
wrong connections of the No. 1 motor leads. Figs. 91 and 92 
show these in a clear, simple manner, worked out by Mr. Cale 
Gough. It shows there are 24 different possible connections of 
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No. 1 motor leads. As one of the field leads of No. 2 motor, E,, 
is usually permanently connected to ground, the possible con- 
nections of its leads are only six. The different pairs of dia- 
grams, as (1) and (2), (3) and (4), (5) and (6), etc., show the 
connections for both forward and rear positions of the reverse 
handle, that is, if (1) shows the connections with the reverse 
forward, (2) shows the effect of throwing the reverse back. 
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Fields Grounded 



Reversed 
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(12) 



Fields Grounded 



Fig. 91. — Diagram Showing All Possible Connections of Motor No. 1 Leads. 

The arrows indicate the relative directions of the current in 
the field and armature coils. With both arrows pointing in the. 
same direction, a forward movement of the car is assumed. 
Arrows pointing in opposite directions indicate that the mo- 
tor is running in the reverse direction. We quote, in part, 
from Mr. Gough's explanation. (1) shows the proper connec- 
tion of No. 1 motor; (2) shows the reversed connection caused 
by throwing the reverse lever back and causes the motor to re- 
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verse its direction of rotation. It also shows that the car 
might have easily been connected so, with the reverse lever for- 
ward, thus causing the car to move opposite to what the reverse 
lever indicated. It is easily remedied by connecting as (1). 
This explanation applies to each pair of diagrams in principle. 
An interchange of the leads AA, atid E, (3), is made evident 
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Fia. 92.— Diagram Showing All Possible Connections of Motor No. 1 Leads. 

by the fact that with the reverse lever in the forward position 
the motor refuses to pull on the series points, and when the 
motors are thrown into multiple the fuse is blown or the 
breaker opens. This can be easily seen by the fact that E, 
is grounded in multiple and the current through A, and the 
armature is nearly short-circuited, there being only a part of 
the rheostats and the stationary armature for resistance, while 
the fields are short-circuited in themselves. The fact that 
when the reverse is thrown to the rear the motor tends to re- 
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volve in a reverse direction, distinguishes this miseonnection 
from those shown in (5) and (20). There is, however, no way 
of distinguishing by the action of the motors, this crossing of 
the leads, AA, and E, from the complicated crossing of con- 
nections shown in (21) and (22), In either case the armature 
is grounded with the reverse forward, and throwing the lever 
to the rear reverses the motor. In the same way the connec- 
tions shown in (4) and (21) cannot be distinguished from each 
other. The connections indicated in (5), (6), (19) and (20) 
may be recognized by the fact that the armature is grounded 
for one position of the reverse handle, while the motor revolves 
in the proper direction when the reverse is thrown. (7), (16) 
and (24) show connections permitting the motor to operate 
properly. It may be noted that in (7) and (16) the fields are 
placed in circuit on the trolley side of the armature. The con- 
nections shown in (7) are often used by those who believe, for 
various reasons, that the fields should be so placed in circuit. 
Four connections, (9), (12), (13) and (18), give grounded 
fields and short-circuited armatures. Such connections would 
cause the motor to act as a generator when being dragged by 
No. 2 motor. Two of these connections, as in the case of those 
causing grounded armatures, give forward direction to the car 
when the reverse is thrown to the rear, while the remaining 
two cause No. 1 motor to oppose No. 2 motor. 

In general, the several possible connections may be divided 
into three distinct groups: (1), Those giving forward and re- 
verse direction of rotation of the motor with different po- 
sition of the reverse handle; (2), those by which the armature 
is grounded with one or the other positions of the reverse han- 
dle; and (3), those by which the fields are grounded by the po- 
sition of the reverse handle. Those of the first class cannot 
be distinguished from each other by the action of the motor. 
However, should the motor operate in a direction opposite to 
that corresponding to the position of the reverse handle, the 
fault may be corrected by simply interchanging the armature 
leads of the motor. The connections of class two and three 
are distinguished from each other by the fact that the motor 
will not revolve when the controller handle is in the series po- 
sition and the reverse is thrown in one or the other direction, 
while in the other case the short-circuited armature causes the 
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motor to act as a generator, retarding the movement of the car. 
The different connections in these two classes may be further 
identified by noting the position of the reverse handle when the 
motors operate, and by this means the mistake may be recog- 
nized as being due to one or the other of two possible connec- 
tions. The only possible connections of the leads of No. 2 mo- 
tor when the fields are permanently grounded, are those shown 
in (1), (2), (9), (10), (13) and (14). All of these may be 
definitely identified at once by observing the action of the 
motor, and the position of the reverse handle. 

Even if the car house man becomes familiar with all these 
misconnections, rather than spend so much time in studying 
possible mistakes, it would be more satisfactory to keep the 
leads properly tagged, or use a connection box, and mark that. 

Railway Motors 

At the present time the so-called standard type of continuous 
current motor for street and interurban railways may be said 
to be fairly well developed along the lines justified by past ex- 
perience. Other improvements will be made as time goes on, 
but no very radical departure from existing forms is in sight. 
Formerly the chief enemy of the motor designer was water or 
moisture. The appearance of the Westinghouse motors Nos. 3 
and 12 and the General Electric 800 and 1000 gave us the first 
inclosed waterproof motors, and the problem of heating and 
ventilation arose. The capacity of a railway motor may now 
be said to be directly dependent upon its rise in temperature 
due to the current. This capacity or power may be increased 
by proper ventilation, but for a number of years no attempts 
w^ere made by the manufacturers to provide ventilation. More 
recently attention has been given to this point with good re- 
sults. Insulation has been improved until it is practically 
impervious to moisture, but it becomes carbonized by excessive 
heat, invariably resulting in a breakdown. 

Few railway men realize that the two principal manufact- 
urers of railwav motors have each to offer from 10 to 15 differ- 
ent sizes or types. Each of these types can be varied as to the 
number of turns in the armature and field winding, as well as 
in the sizes of wire, even for one standard voltage of 550 to 
600. One type of motor may be adapted to four or five differ- 
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ent gear ratios, two or three numbers of turns per armature 
coil, and several different field windings, so that it may be capa- 
ble of perhaps 15 or 20 variations. As a result of this there 
may be upwards of 100 different motors offered the engineer 
who undertakes to select the best type for a given service. 
Speed, current, armature turns and gear ratio, are all inter- 
dependent of each other, and it is the popular combination 
of these that determines the selection. 

It can therefore be seen how important it is to intrust the 
selection to an engineer of especial ability in these matters. 
On all large problems the best engineering skill is provided 
both by the road and the manufacturers for deciding the ques- 
tion. But it would be impossible to estimate the number of 
smaller systems and interurban roads which are continually 
under unnecessary expense due to their own shortsighted pol- 
icy in this respect, or to that inherited from their predecessors* 

The speed-time curve, some examples of which will be given 
later, is a beautiful mathematical demonstration from which is 
gained most of the information governing the choice of a mo- 
tor. Such curves have been worked out theoretically which 
proved remarkably close to the curve obtained by actual test* 
This is an example of the highest order of engineering. A 
curve worked out for an ordinary interurban road passing 
through a rolling country, is not always reliable, due to the im- 
possibility of making the working conditions agree with the 
theoretical. For example any motorman can so utilize the 
power on different trips as to require a different speed time 
curve to fit each trip. Especially can he cut out the drifting 
portion of the curve. The only remedy for this is a strict 
enforcement of necessary regulations for the proper handling 
of the car, which is often a difficult matter to carry out. 

The subject of gear ratios is not always given the importance 
it deserves. It has been said that among all the motors made 
available by the manufacturers there are no less than 48 dif- 
ferent gear ratios, varying from 1 to 1, or gearless, to 1 to 4.78. 
These ratios require nearly 60 combinations of gear and pinion. 

An interesting analysis of the effect of changing the gear ra- 
tio on a series railway motor equipment has been written 
by Mr. J. C. Huffman. In order to bring out the subject 
clearly he assumes a certain equipment consisting of four 60 
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horse power 500 volt motors. Total weight of car 29 tons. 
Five changes of gearing were found practicable, ranging from 
14 :68 to 30 :52. Acceleration is assumed at one mile per hour 
per second, and current value such as, if running continuously 
at 300 volts, would not cause the temperature to rise above 
70" C. 

Fig. 93 shows graphically the effect on speed and current 
consumption of these different gear ratios. In this case the 
speed and the square of the current are plotted against time. 
It shows the increase of speed with the increase of gear ratio 
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Fig. 98.— Effect of Oear Ratio on Speed and Current Consumption. 



and that the increase of speed is obtained at the expense of in- 
creased current. A comparison of the heating effect, which is 
proportional to the current square, is also shown in Fig 93. 
This effect increases very rapidly with increased gear ratio, 
especially at starting. It serves to show why high-geared mo- 
tors, such as are used in interurban service, should be given 
a low initial acceleration by means of the controller and rheo- 
stats, so as not to cause excessive drop on the line in starting, 
with its bad effect on other cars running, and the excessive mo- 
mentary loads it imposes on the rotary converters. 
Fig. 94 represents curves of train resistance and tractive 
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effort. The train resistance is in pounds per motor for a 29- 
ton car. The tractive effort curves are also in pounds per mo- 
tor in order to show better the relation of speed to tractive 
effort when the gearing is changed. These curves show that 
for a given speed of the car the tractive effort increases when the 
gear ratio is increased. The fact that the tractive effort does 
increase with a greater gear ratio while the same speed is main- 
tained can be accounted for by noting the rapid increase in the 
<;urrent square values in Fig 93. Fig. 94 also indicates the 
maximum speeds available with different gear ratios. The 
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Fig. 94.— Train Resistance and Tractive Effort. 



points of intersection of the train resistance curve with a tract- 
ive effort curve of each gear ratio is the highest speed which 
can be made with that gearing. In other words, at the point of 
intersection the tractive effort just balances the train resist- 
ance. 

Fig. 95 is an example of speed-time and power-time curves 
for one gear ratio. 

The effect of changing a gear ratio on a car equipment is as 
follows : 

An increase in gear ratio causes an increase in speed with a 
corresponding decrease in tractive effort, with the same value 
of current. 
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It also causes increased tractive effort for the same car 
speed. 

It gives an increased available maximum speed with an at- 
tendant increase in current, and consequently increases the 
heating of the motor. 

Where low schedule speeds are required, necessitating low 
gearing, care should be taken not to have the gear ratio too 
low, for the condition might arise that the car was moving at 
the specified speed and the armature revolving at a rate in 
excess of its safe limit. This is especially important when 
cars are to operate on down grades. 

In general it may be assumed that the best gear ratio to use 

29 Ton Car. 4—60 H.P, Motors. G«ar Ratio. 14.to 68. Wheels 88.'' 
Initial Acceleration 1 mile per hour per second. All stops 10 seconds. 
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Fig. 95.— Speed Time and Power Time Curves. 

on a given equipment for a given schedule speed is the lowest 
gearing that with a fair margin will maintain the specified 
schedule. 

The capacity or power of railway motors is limited in two 
ways making necessary two methods of rating. In city service 
where speeds are low, acceleration high and stops very fre- 
quent, it is sufficient to rate the motor in accordance with the 
horse power it will develop for one hour without increasing its 
temperature above 70° C. The highest initial acceleration is 
produced by the maximum current, which is defined by the 
commutation limit of the motor. The second limitation is met 
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with in interurban service and is due to the heating of the 
motor caused by internal losses. This necessitates a rating 
based on a value of current input and horse power output at 
an average voltage of about 300, such as will not cause a tem- 
perature of over 70° C. on a continuous run in service. This 
latter rating for the same motor is very different from the 
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Fig. 96.— Typical Speed and Energy Curve for Single Car Operation. 

former, being usually only 40 to 50 per cent, as high. Forced 
ventilation has been tried with promising results and experi- 
ments along this line are still being carried on. 

Fig. 96 contains a set of typical speed and energy curves for 
single car operation from which much information may be ob- 
tained. These curves were originally worked out by Mr. A. H. 
Armstrong, and refer to runs made on a tangent level track. 
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If we assume a*maxiinum speed for the car and tbe number of 
stops per mile of 10 Beconds duration each, we easily find the 
possible scbedule speed, the average energy eoDBumption per 
ton mite, the average power consumption per ton at the sched- 
ule speed, and the average power consumption of tbe car, its 
weight being known. 

As an example assume a 30-ton car with a maximum speed 
of 45 miles per hour and one stop in two miles. Tbe vertical 
ordinate corresponding to .5 on the base line cuts the schedule 
speed curve belonging to 45 miles per hour maximum speed at 



Fia. 97.— Typical Efficiency Curre of Railway Motor. 

33 miles per hour schedule speed. The same vertical ordinate 
cuts the 45 miles per hour maximum speed curve at a point 
corresponding to an energy consumption of 85 watt-hours per 
ton mile. Prom these data we easily calculate the power con- 
sumption per ton at 33 miles per hour or 2.8 kw. from which 
the power required by the 3rt-ton car is found to be 84 kw. 

A number of interesting points are brought out by these 
curves relative to schedule speeds possible for different maxi- 
mum speeds. With one stop in 8 miles it is possible to main- 
tain a schedule of 61 miles per hour with maximum si)eed of 
75 miles per hour, and a schedule of 2S miles per hour with a 
maximum of 30 miles per hour. But if stops are increased 
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nnti) ttiey average 1 per mile it will be seeo that with To miles 
per hour maximum the schedule speed possible has dropped to 
29 miles per hour, while the 'SO miles per hour maximum per- 
mits a schedule speed of 22 miles per hour. 

The eflSciency of the railway motor by careful design and the 
adoption of numerous improvements, such as laminated pole 
faces, east steel magnetic frames and ventilated armature cores, 
has been brought up to tbe point where any considerable in- 
crease cannot be expected. Fig fl7 is a typical efficiency curve 
^ving the efficiency at all loads. 

Regarding the mechanical details of the ordinary railway 
motor much could be s^id. Improvements have been alow for 



Fia. 68.— Sheet Sieel Genr Csse, 

the reason that it seemed advisable to develop the electrical 
features first. These mechanical details are very few in num- 
ber, for the motor is nothing but a revolving shaft inclosed in 
a casing. They include the mounting of tbe motor frame on 
the axle by two bearings and the support of its other side by 
some method of suspension to the truck frame. The bearings 
for the armature shaft and its connection to the axle through 
a pinion and gear, as well as the gear case which incloses the 
latter. The size and location of the openings in the motor 
frame by which the interior may be insi)ected. These are prac- 
tically all the operating man is interested in. 
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The design and lubrication of the bearings have been de- 
scribed under *'Car Lubrication." The diameter of the arma- 
ture shaft, especially at the gear end, is most important as 
the many cases of shafts twisted off or bent have shown. The 
service required is very severe, especially when pinions are worn 
and gears become loose, and in the past the shaft, as well as the 
axle, was often too small to withstand such conditions. A 
decided improvement was made when the pinion was applied 
on a taper fit and held with a key and lock nut. 

A seemingly unaccountable policy of the manufacturers has 



Fra. M.— ComblnatlOD Wood and Steel GeaT Cose. 

been the retention of the malleable iron gear case through 
many years. This has been a prolific source of trouble through 
breakage, and yet only recently have gear cases made of sheet 
steel, or wood with a steel frame appeared on the market. 
Pigs. 98 and d9 show respectively the all-steel and the wood- 
steel construction. These, if damaged, can be repaired with 
little trouble, but the malleable iron case was generally hope- 
less if a lug broke off or it was otherwise injured. In some 
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instances gear cases are used having sheet ateel around the 
edge and canvas sides. 

Single Phase Commutatoe Motors 
An innovation in the railway motor field has resulted during 
the past two years from the introduction of single phase alter- 
nating current motors. Several types have been tried, includ- 
ing the repulsion motor, but the two principal manufacturers 
in this country seem to have now adopted the compensated 
series motor with slight differences in the details of construc- 
tion. The motor is not a recent invention in its main features 
but had never been put to commercial uses, and it has prop- 



Fio, 100.— 75 b. p. Single Phnse G, E. Motor. 

erties very similar to a series wound continuous current motor. 
Any series wound motor holds its direction of rotation un- 
changed when the polarity of its main terminals is reversed, 
and thei-efore will operate with alternating current. To keep 
down reaction and eddy currents and give a good power fac- 
tor, it has been found desirable to design the motors with very 
powerful armatures and rather weak fields and then compen- 
sate the inductive reactance of the armature with an auxiliary 
field winding, and to make minor structural changes. 

Figs. 100 and 101 show a 75 horse power single phase motor 
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mannfactured by the General Electric Co. The magnet field 
coneiBts of an iron cylinder built up of thin annular lami- 
nations iuaulated from one another by japan. The interior por- 
tions of these puuehings vhich are thus securely bolted to- 
gether, are so shaped as to form four poIeB, which latter are 
slotted for the reception of the compensating field windings. 
Thia laminated field cylinder is contained in an outer steel 
casting which forms the structural frame proper of the motor. 
This casting is in two halves, being split on the diagonal 
in a manner indicated in Figs. 100 and 101. These halves are 



Fio. 101.— 75 I), p. Slugle Phase O. E. Motor. 

in the assembled motor, securely clamped together by frame 
bolts. 

Fig. 102 shows diagrammatically the main or exciting field 
and the compensating field windings. The exciting winding is 
provided in the form of a concentrated coil, somewhat simitar 
to those found in ordinary direct current motors, while the 
compensating winding is of a distributed character, being com- 
posed of copper bars drawn through the overhung slots con- 
stituting the face of the pole proper. 

The armature core is of the iron-clad type, having a series 
drum winding and being similar in all respects to the General 
Electric Co.'s standard direct current railway motor armature 
design and construction. The armature is removed from the 
motor by first removing one of the frame heads. 
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There are four brush holders, each carrying four brushes. 
The holders are of cast brass and adjustable. They are clamped 
on mica insulating studs, which latter are supported on a 
revolvable yoke. The brush holder cables are readily dis- 
mantled, permitting any individual holder to be removed. 

The armature shaft bearings are carried on frame heads made 
of malleable iron. The linings are composed of unsplit bronze 
sleeves finished with a thin layer of babbitt metal. Large oil 
wells are provided in the frame heads for the reception of oily 
wool waste, which makes contact with a large surface on the 



Compensating Winding 




Direction of 
Armature Rotation 



Fig. 102. — Diagram of Main Field and Compensated Field Windings 

in Q. E. Single Phase Motor. 



shaft through an opening cut in the low pressure side of the 
bearing linings. The axle bearings are provided with split lin- 
ings and are held in place by cast-steel caps tongued and bolted 
to vertically planed and grooved surfaces on the frame. Here 
also, oil wells and oily wool waste lubrication are used. 

Fig. 103 shows a line of single phase motors manufactured 
by the Westinghouse Co. Fig. 104 shows a 100 horse power 
single phase Westinghouse motor of late design. The mechan- 
ical construction of this motor is excellently shown in Figs. 
104, 105 and 106. Referring to Fig. 105, the large bunched 
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coils are tlie main field coils, while the distributed coils are 
the compensating coils. 

Sparking has always been a serious defet't in the oiteration 
of single phase series motors. However, the new motors are 



Fro, 103. — Llue ot Single Pliase Motors Maoufaclured Ly the 
WestiDghousa Company. 

not tronbled in the least in this respect. The Westinghouse 
motor employs resistance in series with the armatnre leads 
to prevent sparking due to the current produced in the coil 
short-circuited by the brushes. This resistance when in series 
with the whole armature does not cut much of a figure, and, 



Fio. 104.— 100 h. p. Wfsiingliouse Siugle Phase Molor. 

therefore, will not affect the efficiency of the motor to a notice- 
able extent, but when placed in series with one short-circuited 
coil it will cut a very great figure, and since it is greater than 
the resistance of the coil itself, it will have a marked effect upon 
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the value of the current flowing in that circuit, thus verj 
materially reducing the sparking. 

The General Electric Co. does not nse reaiHtance leads to 
cut down the current in the short-circuited coil, but accom- 



Fio. 105.— Frame o( 100 li. p. WestiugbouM Siugle Pbuae Motor. 

plislieB the same result by using only one turn on tbe armature 
per commutator bar, thus reducing the e. m. f. generated in 



FiQ. 106.— Armiitun! of 100 li. p. Westiiighousc Sioglu Phase Motor. 

tbe circuit closed by the brush, and consequently reducing the 
sparking cun-ent by a like amount. 

The characteristic performance of a single phase compen- 
sated series motor is in every way similar to that of an ordinary 
d. c. traction motor of the series type. Pig. 107 shows the 
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performaace of a 75 horse power a. c. compensated series 
motor whea operating with alternating current, and Fig. 108 
shows the performance of the same motor when operating with 
continuous current. 

These motors are somewhat heavier than continuous current 
motors and a few per cent, less e£Qcient, but when using trans* 



Fia. 107.— Perfonnance of 75 li. p. Single Pliase Motor with 
Altenioting Currenl. 

former voltage regulation they do not require an abnormal cur- 
rent in starting and accelerating. They require a static trans- 
former between them and the source of current supply, since it 
is impracticable to use a high voltage on the commutator. 
For this reason they are wound for low voltage each, the motors 
in multiple at full speed on alternating current, and perma- 
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nently connected in series when operating with continuous 
current. 

The latter quality — the ability to operate with both kinds of 
current — is most important. When variable voltage control is 
used with alternating current it necessitates an additional set 
of rheostatic control apparatus. It is understood that the prac- 
tice now is, when it is necessary to operate on both currents, 
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Fig. 108. — Performance of 75 h. p. Single Phase Motor with 

Direct Current. 



to use only rheostatic control for both in order to avoid com- 
plication of apparatus. The advent of these alternating cur- 
rent motors opens up the whole problem of long distance elec- 
tric railways, by greatly reducing the cost of conductors due to 
the possibility of using a high tension working conductor. One 
of the most recent developments along these lines is the adop- 
tion, by the New York, New Haven & Hartford Railroad, of 
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single phase series wound locomotives for its suburban serv- 
ice. These locomotives will take current from the trolley wire 
at 11,000 volts and will transform it on the locomotive. No 
substations or feeders will be required on the 22 miles of four- 
track line about to be equipped. 

Figs. 109 and 110 are typical curves published by Mr. P. M. 
Lincoln to illustrate the difference in power required by a car 
equipped with continuous current apparatus and one having 
single phase equipment. They show the acceleration, drifting 
and braking, as well as the power consumed by each car on a 
similar run. The weight of the continuous current car is 35 
tons and that of the alternating current car about 18 per cent, 
greater. The length of the run is two miles in each case, and 
the schedule speed 30 miles per hour. 

As will be seen from the performance curves, shown in Figs. 
107 and 108, that due to the method of control, the speed of the 
car, under circumstances requiring the same tractive effort, will 
be roughly two-thirds with 600 volts direct current of its value 
with normal voltage alternating current. This arrangement 
is usually what is desired, since the single phase equipments 
which are required to operate on both direct and alternating 
current, usually operate on alternating current in the open 
country, where a high speed is required, and on direct current 
in cities or towns, where the speed is necessarily limited. 

The rheostatic loss in accelerating the continuous current 
car is entirely eliminated in the alternating current car. Were 
it not for this fact one would expect that the alternating cur- 
rent car being 18 per cent, heavier would take 18 per cent, more 
power. The actual difference in the areas under the power 
curves shows about 10 per cent, more energy for the alternating I 
current car. If the run was one mile the energy consumption ' 
would be about equal, and if less than one mile the advantage 
is on the side of the alternating current car, on account of the 
rheostatic loss of the other. The difference in weight of the two | 
equipments, 18 per cent., has been greatly reduced and is now ' 
probably not over 10 per cent. 

The ordinary systems of a single and multiple unit control 
have been successfully adapted to the a. c. motor. The hand 
control of a. c. motors operating on an a. c. system, is ex- 
tremely simple. In this case the voltage at the terminals of 
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Pig, 109.— Bpe«d Tline, Power Time Curres for d. c. Operation. 
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Pig. 110.— Speed Time, Power Time Curves for a. c. Operation. 

the motors is re{;ulated by connecting the motors to different 
taps on an anti -transformer, which is carried on the car and 
connected between the trolley and the ground. 

For small equipments, these connections are made by menus 
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of drnm type controllers of the same general type as those 
used for direct current equipments. For lai^ equipments, 
the Westinghouse Co. uses pneumatically operated unit 
switches controlled through magnet valves by a master switch 
and an auxiliary control circuit, to make the various connec- 
tions which are required. 

In traveling from one tap to the next, it is necessary that 
the circuit should not be broken and that the sections of the 
transformer winding included between adjacent taps, should 
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Pig. Ul.— Connecti 
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Single 



not be short-circuited. These difSculties are surmounted in 
different ways. 

The General Electric Co. cuts resistance into the circuit while 
making the transit from one tap to the next, thus cutting down 
the current set up by the e. m. f. generated in the section of 
the winding included between adjacent taps. 

The Westinghouse Co. prevents sparking at the controller 
contacts when passing from one point to the next by using 
what they term preventive coils. These preventive coils are 
80 connected as to offer great resistance to the local short- 
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circuited current and but little to the main current; tUey also 
permit the use of two taps in multiple. Fig, 111 shows the 
connection of these coils as arranged to use with equipments 
of moderate size. Small equipments employ the same arrange- 
ment except that only one preventive coil is used to supply 
all of the motors. Fig. 112 shows the connections used in a 
large equipment. In this case it will be noted that the current 
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Fig. 113. 



supplied to the motors is divided among four switches by an 
arrangement of three preventive coils. The operation of this 
device is shown in Fig. 113, The unit switches which are 
employed on large equipments are arranged in a rectangular 
box, as shown in Fig. 114. These switches are essentially the 
same that are used for the control of large direct current 
motors. 

Both companies use the oil-cooled type of transformer to 
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reduce the trolley voltage to that required by the motors. 
Special precautions are taken to prevent the leakage of oil 




FlO. 118.— Oper»Uon at Preventive CoiU. 

through the bushings where the leads enter the case. Fig. 
115 shows the Westingbouse transformer and Fig. 116 shows 
the General Electric transformer. In the latter, the stuflBng 



Pig. 114.— Unit Switches Used wiili Lnrge Westlngliouse Equipmenls. 

boxes, which are provided to prevent the leakage of oil, are 
plainly seen. 
Pig. 117 shows the connections of a General Electric simple 
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a. 0. equipment. The operation is practically the same as the 
WestiDghoQse, the onlj difference being in the details. 
A cut-out switch is used in connection with each pair of 



Fia. 119.— Weatlnghouse Slogle Phase Transformer. 



Fia. 116.— General Electric Single Phase Trnnefonner. 

motors to disconnect a disabled motor. As all tbe leads from 
each pair of motors run through their own cut-out switch, this 
is accomplished by simply turning the handle of the switch to 
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the proper position. The oil switch in the high tension circuit 
(Fig. IIS) is manually operated but is held closed by a coil 
energized from the main transformer. This switch is protected 
by an expulsion fuse. A single fuse of the magnetic blow-out 
copper ribbon type is used for protecting the motor circuit. 
A suitable lightning arrester protects the high tension circuit. 
The circuits for the air compressor motor and those governing 
the lighting and heating of the car are all protected by enclosed 
switches and fuses. All the high tensioD wiring is covered with 
suitable rubber iusulatiou protected by a double wrapped 



FiQ. 118.— High TensioD Oil Switch. 

weatherproof cotton braid. It is also incased in brass piping 
which is carefully grounded. 

To make a car operative on either alternating or direct cur- 
rent, additional apparatus to that used on a strictly a. c, system 
is required as follows : A coramutating switch, main d, c. switch 
with its protecting fuse and lightning arrester, and also a 
set of rheostats for rheostatic control. 

The function of the commutating switch is to make the 
proper change in connections required by either the a. c. or 
d. c. system when passing from the a. c. to the d. c. section 
of the line or vice versa. While running a. c. the control is 
by direct potential change, and d. c. it is rheostatic. The com- 
mutating switch serves to interchange the transformer taps 
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Fio. 119.— Expulsion Fuse Holder. 



Fio. 120.— Fu»6 Box. 
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and rheostat leads as required so that the same controller is 
used in each case. It handles the auxiliary circuits and com- 
mutates the exciting fields of the main and compressor motors 
so that these fields are connected in multiple a. c. and series 
d. c. 

Fig. 121 shows the connections of a General Electric a. c- 
d. c. equipment. The controller is identical with the one used 
in a. c. operation. An additional feature is the set of main 
d. c. fingers which act as the d. c. trolley supply. The change 
between the d. c. and a. c. supply is handled by the commutating 
switch. 

The main d. c. switch is manually operated like the main a. c. 
switch. It is held closed by a coil energized from the line 
supply. In construction this switch is patterned after the 
common electrically operated circuit breaker with the exception 
that its line terminal is insulated for the a. c. potential. This 
switch is protected by a copper ribbon fuse with magnetic 
blow-out. 

The change from a. c. to d. c. or vice versa is made when the 
car passes into the dead portion between the two sections of 
the trolley line. Since the energizing coil on either the main 
a. c. or d. c. switch serves as a low voltage release, when the 
car enters the dead section the main switch drops out. The 
motorman merely changes his commutating switch by using 
the reverse handle of his controller and then pulls up the 
proper main switch. 

Should the motorman close the wrong main switch, it would 
not be held closed by its retaining coil because its power supply 
is controlled by the commutating switch. During the interval 
that the switch is held in by the motorman and in the case 
where the d. c. switch is closed on the a. c. section of the line, 
the main trolley fingers of the controller and the trolley finger 
of the auxiliary circuits on the commutating switch are sub- 
jected to the high pressure. No harm would result, as these 
fingers are especially insulated for this condition. In the 
case where the a. c. switch is closed on the d. c. portion of 
the line the high tension expulsion fuse protects the circuit. 

The motorman can at any time trip either main switch by 
means of a double pole single throw switch which is located in 
the cab. 
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Fig. 123 BhowB a achematic diagram of the coDDectiooa for 
a WestiDgbouse a. c.-d. c. equipment. All of the control cir- 
caita, on their way from the master switch to the various 
pneumatic switches, pass through this commutating switch. 
When no current is passing through the auto-transformer the 
switch is held by a spring in a position where the control 



FiQ. 122.— Main Switch. 

circuits are so connected that by moving the handle of the 
master switch the proper switches for direct current operation 
are closed. Whenever the transformer receives alternating 
current, however, a magnet valve in the commutating switch 
is operated. This admits compressed air to a email cylinder, 
and throws the switch into a second position, where the con- 



216 A3IERICAN ELECTRIC RAILWAY PRACTICE 

trol (.'irvuits are arranged for alterDatiog curreat operation. 
It is thus only necessary for the crew of the car to see that 
the proper trolley is on the wire, that is, that the pantagraph 
trolley is in use when there is alternating current on the wire, 
and the wheel trolley is used when there is direct current 
on the wire. This matter being attended to, a movement of 
the master switch handle in exactly the same way, closes one 



Fio. I2D — Diagnim of Connections for Weatlnghouse a c. - d. c. 
Equipment. 

set of switches in one case and another set of switches in the 
other ease, according to the current employed. 

Where equipments of moderate size are used on both alter- 
nating and direct current, a hand operated drum type controller 
is employed, making essentially the same connections which 
are made by the unit switches in the case of lat^e equipments. 
Where this drum type controller is employed, however, no 
commutating switch is used, but the operating handle is placed 
on the shaft of one drum when the car is used on direct cur- 
rent, and on the shaft of another drum when alternating 
current is used. 
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The cnrrent may be collected by means of standard trolley 
wheels, poles and bases applicable for high speeds, or, when 
desired, a slidiag or rolling contact collector of the pantagraph 



' \ /w 



FiQ. 124.— PDeumaticallj Operated P&nUgraph Trollej, Raised. 



Pio. 13S.— pDeuma Ileal I7 Operated PaDlagraph Trolley, Lowered. 

or bow type may be employed. Figs. 124 and 125 show views 
of the pneumatically operated Westinghouse pantagraph trol- 
ley, which is used for operation on 6600 volts or lees. For 
higher voltages, larger insulators are need. This trolley is 
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normally held up against the wire, as shown in Fig. 124, by 
means of springs. If it is desired to lower the trolley, com- 
pressed air from the brake system is admitted to the cylinder 
and the trolley is thus forced down to the position shown in 
Fig. 125. 

There has been developed suitable apparatus capable of con- 
trolling both single cars and trains equipped with single phase 
motors, when operating on lines supplied wholly with alter- 
nating current, or with alternating current on one position of 
the line and direct current on another. 

In general the wholly alternating and alternating direct 
current multiple unit systems of control are similar to that 
control which has been for some time so successfully used in 
direct current operation. The dififerences are of a simple 
nature and all of the advantages of the older type of con- 
struction are retained. 

The system provides for the control of motor cars when 
operated singly or in trains of several cars, being adapted to 
either single cars of a capacity too great for a cylinder con- 
troller or to all typeB of cars which may be possibly operated 
in a train. The circuits are arranged in such a manner that 
when a number of cars are coupled together, the motors may 
all be operated collectively and simultaneously, from either end 
of any car. The cars composing the train may be coupled in 
any desired relation with each other, and every motor will at 
all times perform its equal share of the work. 

Fig. 126 shows the connections of the General Electric multi- 
ple unit control adapted to a. c. operation only. The essential 
parts of the equipment are : Master controller, train cable and 
couplers, contactors and box, compensator, grid rheostats, 
trolleys, motor cut-out switches and the necessary protecting 
devices. 

The master controller is of the standard type, being similar 
to the direct current master controller used in straight d. c. 
operation. It is considerably smaller than the ordinary street 
car controller, but is similar in appearance and operation. It 
is furnished with an automatic release, which cuts off the 
current from the entire train, should the motorman remove 
his hand from the handle. The function of the master con- 
troller is to take care of the control circuit only and, there- 
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fore, it only deals with the current which energizes the coils 
of the contactors. It is never called upon to handle heavy 
currents, all the apparatus dealing with heavy current or high 
voltage being placed either under the car or in a specially pro- 
tected compartment. Each contactor (Fig. 127) consists of 
an electrically operated switch, depending on a solenoid for 
its action. The magnetic circuit is composed of laminated 
iron. Each contactor is provided with a moulded insulation 
arc chute. 

The contactors are assembled in a box with an iron frame- 
work and sheet-iron cover. The box is designed for use in 
conjunction with brass conduits having suitable entrances 
for the main cables and a connection box for the control 
cables. 

The transformer, motor cut-out switches, rheostat, trolley, 
and switches for the secondary circuits are identical with 
those used on a hand control system. 

The protective devices, including an electrically operated 
oil switch with its protecting expulsion fuse and lightning 
arrester, together with a small step down transformer used 
to supply current to the control circuit and retaining coil of 
the oil switch, are collected in a high tension compartment 
in order to isolate them. 

During operation the car is controlled as follows: On the 
first point of the master controller the motors are connected to 
a compensator tap giving approximately half voltage. After 
this point acceleration is obtained by cutting in more sections 
of the compensator winding until on the last tap the motors 
are connected to the full working voltage tap. A cast grid 
rheostat is cut into circuit during the instant of changing the 
motor connections from each compensator tap to the succeed- 
ing tap. This permits of an uninterrupted current supply to 
the motors without short-circuiting the various sections of 
the compensator winding. 

The motors are operated all four in series and are reversed 
by a change of field connections. This last operation is per- 
formed by a set of four contactors located in the contactor 
box. 

To adapt the multiple unit system for both alternating and 
direct current operation, apparatus has been developed which 
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renders every operation, peculiar to each Bystem, entirely anto- 
matic and independent of action by the motorman. 

Fig. 128 BhowB the connections of the General Electric 
mnltiple unit control for both a. c. and d. c. operation. The 
apparatus for each equipment consists essentially of master 
controllers, train cable and couplers, two sets of contactors 
with a bos for each, compensator, set of rheostats, commn- 



Fta. 138.— Contactor Used in O. E. Multiple Unit CoDtrol. 

tating switch, reverser, trolleys, protective apparatus and 
devices for making all changes antomatic. 

The type of contactor nsed is adapted to operate on either 
alternating or direct current circuits. It is provided with a 
powerful magnetic blow-out similar to that used on standard 
d. c. contactors. 

Equipments have been developed for operating with all four 
motors connected in series, and with a series parallel combina- 
tion of motors. The motors during a. c. running are per- 
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manently in series. While running d. c. they are brought 
partly up to speed in series^ then thrown into pairs in parallel. 

A standard type of reverser, modified to take an a. c.-d. c. 
operating coil, is used to change the direction of rotation of the 
motors. 

The commutating switch resembles the reverser both in size 
and operation. The finger and segment development, only, 
being different. The function of the commutating switch is to 
commutate the motor fields, control the trolley supply to the 
auxiliary circuits, and in conjunction with a series of con- 
tactors to regulate the motor connections; i. e. when the car 
is on a. c. the commutating switch connects the motors 
in series; when the car is on d. c. the contactors are used to 
make the series parallel combination of the pairs of motors. 

Potential and rheostatic control is used while operating a. c. 
and d. c. respectively. 

In order to make entirely automatic the changes necessary 
when passing from the alternating current to the direct cur- 
rent sections of the line or vice versa, the following arrange- | 
ment of apparatus is used : Primarily everything depends upon \ 
which main switch is closed ; for immediately the proper trolley 1 
supply is delivered, . the necessary connections are made by 
the governing apparatus. 

The secondary winding of a small transformer is in series 
with the retaining coil of the oil switch while its primary wind- 
ing is in series with the operating coil of the main d. c. switch. 
A tap from the trolley is connected to ground through this 
last series. When the power supply is d. c. the current flows 
through the transformer primary and d. c. operating coil of 
main d. . c. switch ; the latter becoming operative, the cir- 
cuit is closed. Meanwhile the oil switch is inoperative as 
there is no transformer action. 

In the case where the power supply is a. c. the oil switch is 
closed, its coil being energized from the transformer. The d. c. 
coil is inoperative, owing principally to the impedance of the 
circuit. 

Both the high tension and direct current circuits are pro- 
tected by fuses and lightning arresters. 
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Trucks 

The evolution of the street car truck from that originally 
used under horse cars, to the modern motor trucks adapted to 
the different classes of service, has been very rapid. The history 
of this transformation is of little interest, so it only remains to 
describe and illustrate those trucks which are in common use, 
and may be said to have become standard. Though there are 
a number of different makes of trucks in general use, they con- 
form more or less closely in general design to these mentioned 
and it would not be advisable to enter into a description of 
them all. 

Trucks have become divided into certain definite classes 
made necessary by the different uses to which they are put. 
They may be called the single truck (Fig. 129) adapted for one, 
or two, inside hung motors. The maximum traction double 
truck (Fig. 130) adapted for one motor each, either inside or 
outside hung. These trucks carry over 75 per cent, of the weight 
of the car body on the motor driven axles, and thus are able to 
utilize the weight for the tractive effort. They are much used 
in city service where there are few grades and moderate speed 
is required. The short wheel base double trucks (Fig. 131) 
usually equipped with two motors each, and outside hung, are 
widely used in city and suburban as well as light interurban 
service. This provides a four-motor car able to run 30 or 35 
miles per hour in the open country, and which can also take 
the sharpest curves in the city without difficulty. Heavier 
trucks for high speed interurban service generally take the 
forpi of an all steel M. C. B. truck (Fig. 132) with inside hung 
motors, and a wheel base of from 6 feet to 7 feet. Fig. 134 
shows a heavy interurban truck made by the Baldwin Locomo- 
tive Works. 

The desirable features to be looked for in any truck are 
strength and rigidity. By the latter is meant stiffness of the 
frame with the ability to keep it in square. A trutk which gets 
out of square on account of an accident, or because the 
strains have made bolted joints give, is sometimes difficult to 
bring back into position and hold there. It throws the axles 
out of parallelism, and this introduces much friction, espe- 
cially in rounding curves. All manufacturers have braced 
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Fio. ISO.— Single Truck Inside Huog HotoTS. 



Fio. 180.— Maximum Tractioa Truck. 



FiQ. 131,— Brill Truck witli Sliurt Wliuul Base aud Outside Uuag Motor. 
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and stayed their truck frames with the intention of holding 
them square, as much as it is possible to do so. The side 
frames may be built up, or forged solid, or cast steel, and they 
have the two end frames, an^ the center transom, to hold them 
in square. Much depends on the design of the connection be- 
tween these end frames and transom, with the side frames, for 
these are the weak points. 

The M. C. B. type of truck is that used by all steam roads 
under passenger coaches principally, and usually has a frame 
of wood. When used as a motor truck it is built entirely of 
steel. The weight of the car body is carried by the bolster at 
the center plate and side bearings, though the latter are so ad- 
justed as to carry no weight when the car stands level. The 
bolster transfers the weight to the spring plank through the 
elliptic springs placed between them, and the spring plank is 
hung to the transom by the four swing links, two at each end. 
The object of these links, which are placed at a slight angle to 
the vertical, the lower ends being further out than the upper, 
is to absorb the shock due to side lurches of the car, especially 
at curves. SufScient end play is allowed for the resulting side 
motion of the bolster. The weight having been transferred to 
the frame, it is then passed on through the equalizer springs to 
the equalizer bars, which in turn convey it to the journal boxes 
and axles. This style of truck is the result of years of develop- 
ment, and while there are slight variations in construction the 
general principle of the design is the same in all. 

One of the important points sought for in any truck is that 
it must be easy riding. On a smooth track almost all trucks 
will run satisfactorily, but to so arrange and design the 
springs that the truck imparts an easy motion to the car body 
when running over a rough track is a problem difficult to solve. 
The M. C. B. truck is generally satisfactory in this respect if 
the strength or stiffness of the springs is properly proportioned 
for the average load to be carried. 

A type of truck which is widely used but can hardly be called 
a variation of the M. C. B. type, as it involves a different prin- 
ciple is the Brill 27G (Fig. 131) and 27E. In the former the 
bolster is carried directly on the equalizers^ there being no 
spring plank. The equalizers themselves , consist of semi- 
elliptic springs instead of bars. There are no swing links as 
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in the M. C. B. truck, but the ends of these equalizers are 
carried by spring links hung on the side frames and contain- 
ing equalizer springs within them. The side frames are carried 



FiQ. 183.— M. C. B. Truck with Inside HuDg Motor. 

b; journal bos springs. The effect of this combination of 
springs is to place the different gi'oaps in series. In other 
words, the blow from the car wheel has to pass first through 



Fio. lai.— BaldwiD He&vj Interurbaa Truck. 

the journal box springs, thence through the frame to the spring' 
links, and tbence through the equalizer springs to the bolster 
and car body, and by that time the riolence of the blow is 
greatly reduced. The side motion of the bolster is provided for 
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by the awingiog spriog links oil the Bide frames. The 27E 
(Figs. 135 and 136) truck is similar to the above except that 
the equalizers themselves are bars, a spring plank being rigidly 



Fig. 135.-Brill Truck No. ST-E-a. 



Fig. 136 -Brill Truck No. S7-E-8, 

attached to them, and their ends supported by the spring links. 
The bolster is supported by elliptic springs on the spring plank. 
Considerable might be written regarding the advantages and 
disadvantages of built up, cast steel, or solid forged frames. 
The former was the original method and at one time very care- 
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less means were employed in their construction. Rough sur- 
faces were bolted together by bolts anywhere from ^ to ^V 
inch smaller than the hole, and the latter was punched where 
possible instead of drilled. The result was, in spite of lock 
washers and jam nuts the joints soon worked loose and the 
truck fell out of square. In the modern built up truck, how- 
ever, very different methods of construction are followed. 
Surfaces in contact are planed or milled to a fit, holes are 
carefully drilled and then reamed slightly taper. Machined 
bolts are used of proper size to form a driving fit in these holes. 
Such work is expensive, but it produces a built up truck of 
which little or no complaint is ever heard. Cast steel frames 
can scarcely be said to be uniformly successful up to the pres- 
ent time. While many of them are in use and giving no cause 
for complaint, others have cracked and failed due usually to 
flaws in the casting impossible to detect. The element of 
chance is an important factor here. Solid forged frames have 
many points to recommend them. While it requires an expen- 
sive plant to forge them, they are generally free from defects, 
and the number of bolted joints is reduced to a very few. They 
are cheaper than good built up frames, but more expensive 
than cast steel. Cast steel bolsters are used to a considerable 
extent, replacing those of the built up type, and seem to give 
satisfactory results. Such bolsters are widely used under 
steam road freight cars for both body and trucks. 

Brakes 

A brake is a very essential part of the equipment of any 
power driven vehicle, in fact it may be said to be almost as im- 
portant as the motor, for one would be of little use without 
the other. On the ability of a motorman, or locomotive runner, 
to stop a car or train within a certain distance, which is 
learned by experience, depends not only the safety of the lives 
of passengers, but the prevention of wrecks involving much loss 
of property. The highest skill in braking may be the stopping 
of a heavy freight train at the foot of a down grade where there 
is a water tank, with the spout exactly over the opening in the 
engine tender. The practiced motorman or engineer knows the 
danger zone ahead, within which he cannot expect to stop, 
whether he has only the ordinary hand brake, or the high speed 
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air brake. An idea of what this distance is can be gathered 
from some of the data on the shortest stops on record with high 
speed trains. At a speed of 50 miles per hour, the stopping 
distance from the time the brake was applied was 602 feet, at 
60 miles per hour it was 982 feet and at 70 miles per hour it 
required 1,334 feet. When it is remembered that these are 
among the shortest stops on record, and that most trains re- 
quire 20 to 30 per cent, greater distance, it can be seen how 
helpless is the engineer or motorman running at the above 
sx)eeds within these distances, and at 70 miles per hour it is 
useless to watch for signals or obstructions nearer than ^ of a 
mile. 

There is very little, if any diflference, in the length of a stop 
of a steam or electric driven train provided each car has the 
proper braking power applied to it. Neither does the length 
and weight of the train have much effect on the stop provided 
each car is properly braked. In ordinary freight cars, the 
difference in their weight when light and loaded is so great, 
and both empty and loaded cars are liable to be included in the 
same train, that it has not been found advisable to adjust the 
braking power applied to the wheels to give over 70 per cent, 
of the light weight of the car. 

In a heavily loaded car consequently but 40 or 50 per cent, of 

the total weight is available. In regard to steam passenger 

coaches, and locomotive drivers, a braking force of 90 per cent. 

of the total weight is the usual practice. Ordinary city and 

suburban electric cars usually employ about 90 per cent. also. 

On high speed interurban cars a phenomenon was encountered 

in the inertia of the armatures, which opposed the brake, ren- 

r dering higher braking pressure necessary to overcome it. At 

/ 60 miles per hour it is possible to apply a pressure of 125 per 

' cent, of the total weight without sliding the wheels, but as the 

speed decreases the armature inertia is also reduced and the 

braking pressure must be partially released in order to prevent 

I wheel-slip. Theoretically a wheel will riip when the brake 

' pressure equals the weight carried by it, but this flywheel effect 

of the armatures has no relation to the coefficient of traction, 

and can only be overcome by increased pressure on the brake. 

In the past it has always been a diflScult problem to make the 
results obtained in a brake test agree with the theory of fric- 
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tion, due to the extremely variable conditions under which dif- 
ferent tests are necessarily made. It has been equally difficuU 
to make a series of tests approach a reasonable agreement with 
each other. At present the causes of these variable results are 
better understood and a fairly accurate knowledge of what is 
required is now possessed by those interested. Some curious 
facts have been found ; one is, with a constant brake shoe pres- 
sure, the friction between the shoe and the wheel at a speed of 
60 miles per hour is only one-half that when the speed is 20 
miles per hour. In other words, to stop a train in the shortest 
distance, without slipping wheels, the brake shoe pressure at 
highest speed must be nearly equal to the weight of the train, 
and must be gradually reduced as the speed decreases. An- 
other fact is, that a long continued application of the brake 
often results in a decrease in brake shoe friction. Generally 
speaking, ordinary applications of the brake must be limited 
by the comfort of the passengers, and the "emergency applica- 
tion," so called, is only used in case of danger. It has been 
found, however, that an application of the brake producing a 
given rate of retardation at one speed, will not cause any 
greater danger or discomfort to the passengers if applied at 
any other speed, provided the same rate of retardation is ob- 
tained. The perfect stop is known as the uniformly deceler- 
ated stop, and is one in which a pendulum will take a position 
when the brake is first applied and hold it until just before the 
stop, when it will gradually assume the perpendicular. It is, 
of course, practically impossible to vary the braking pressure 
in exactly the manner to produce this stop, for while theoreti- 
cally the variation should be a regular reduction in pressure, 
practically the varying conditions of friction would necessitate 
an irregular reduction. 

It would be of little interest here to discuss the many differ- 
ent types of brakes which have been tried and discarded, or 
those which are in use to a limited extent. Attention will be 
confined then to the two classes — hand brakes and air brakes 
—both of which seem to be here to stay as regards electric 
motor cars. That air brakes have first occupied the field 
among power brakes on electric cars is undoubtedly due to 
their previous development by the steam roads, but it would 
seem that such a source of power as the electric current on the 
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car could have been utilized directly on the brake system with- 
out the conversion into compressed air. While several meth- 
ods of doing this are in use, their development has been so 
slow that it is doubtful if they can ever supersede the former 
method. The magnetic electric brake, in which two discs are 
brought into contact, one stationary and the other moving with 
the axle, has not proved a success on account of overloading the 
motors. The solenoid electric brake has been tried with a fair 
degree of success, and also has the magnetic track brake. 

What is known as the straight air brake, manufactured prin- 
cipally by two firms, is in use to-day on the majority of heavy 
double truck motor cars. There is no essential difference be- 
tween the two types. The motor driven compressor, the auto- 
matic governor or controller, and the motorman's brake valve, 
differ slightly in mechanical and electrical details, but the re- 
mainder of the brake mechanism is practically identical. Both 
accomplish the same results in the same manner. The air com- 
pressor supplies air to the reservoir at a pressure usually from 
60 to 75 pounds per square inch, dei)endent upon the adjust- 
ment of the governor. An iron pipe, i inch inside diameter, 
connects the motorman's operating valves at each end, with the 
reservoir, and another connects the brake cylinder with both 
valves. These valves are three-way, and a movement of the 
handle in one direction allows the air from the reservoir to flow 
through the valve into the brake cylinder pipe, or train pipe, as 
it is called, and passes through this to the brake cylinder, thus 
applying the brake. A movement of the handle in the other 
direction shuts off the air from the reservoir, and allows the 
air which has been used in the brake cylinder to escape to the 
atmosphere through the valve. This straight air brake is ex- 
ceedingly simple, and any man of average intelligence can eas- 
ily understand it. 

Storage air brakes, which are used to a considerable extent 
in a few large cities, differ from the above only in the manner of 
obtaining the compressed air. In place of the independent 
motor compressor, air is compressed by large machines located 
at convenient points, and the cars carry extra reservoirs, usu- 
ally two in number, which are charged at these stations with 
air at 300 pounds per square inch. A reducing valve is placed 
between these reservoirs and the brake reservoir, which sup- 
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plies the latter with air at from 60 to 70 pounds. This oper- 
ates the brakes in the same manner as when the ear carries its 
own compressor. (See Fig. 137.) The system has some ad- 
vantages as regards cost of maintenance, and is especially 
suited to large systems in cities. 

When a car is equipped with air brakes its weight must be 
known, and the leverage is usually adjusted to give a brake 
shoe pressure of about 90 per cent, of the weight, with 60 
pounds pressure of air in the brake cylinder, first selecting the 
proper size of cylinder. After the equipment is complete the 
car is tried on a dry rail, at medium speed, and the brake 
given the emergency application. This means that the whole 
pressure of the reservoir is suddenly admitted to the cylinder 
by opening the valve wide. If this test skids the wheels the 
pressure is lowered slightly, by adjusting the governor, until 
it is not possible to do so. At very low speeds and on slippery 
rails it will slip the wheels unless the rails are well sanded at 
the same time. The object of the air brake engineer is not to 
place sufficient power in the brake to enable the motorman to- 
flatten wheels on a dry track, but to give him just enough power 
to obtain the whole efficiency of the brake. On wet and slip- 
pery track a motorman must use care and judgment with the 
air brake, just as he does with the hand brake. When a road 
is newly equipped with air brakes, some flat wheels must be 
expected, until the men are thoroughly acquainted with the 
brake; afterward there should be no more trouble of this 
nature than there was with the hand brake. 

It might be well to state here that there is no better ad- 
junct to an emergency stop, on a slippery rail, than dry sand. 
It increases the stopping power of the car possibly 50 per cent., 
and may be the means of saving lives and property. Too little 
attention has been given to the use of sand in braking, but the 
fact is in these days of heavy high speed cars, it is just as im- 
portant in stopping as it is in starting when needed. Four- 
motor cars seldom need it in starting, even on a grade, unless 
pulling a heavy trailer, yet many manufacturers of sand boxes 
and their appurtenances seem to assume that their devices are 
only to be used in starting. One manufacturer was asked if 
his apparatus would sand the rails on a curve. His reply was : 
"You don't sand curves, you grease them." It would seem if 
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a motorman with a fast interurban car were approaching an 
ordinary curve, either on down grade, or level track with dan- 
ger ahead, and the brake in emergency, he would prefer to sand 
that curve rather than grease it. Of course in the short radius 
curves of the cities where low speeds are compulsory, greasing 
the curves is a necessity. It all depends on the conditions. 

One other important point in the brake equipment of a mod- 
ern car is the condition of the hand brake. On many roads 
this subject is given little or no attention after air brakes are 
installed. Far too often we find the motorman stopping by re- 
versing when the air brake becomes disabled. On inquiry we 
are informed the hand brake is ''no good." This condition of 
affairs should never be allowed to exist, and usually it is the 
fault of the man in charge of the equipment. On some roads 
rules are issued instructing the motormen to always use the 
hand brake at the last stop of a trip, or on a certain heavy 
grade during the run. In this way the hand brake is used a 
number of times each day and is consequently kept in good 
order. 

In many cases when a car is equipped with air brakes, the 
hand brake rigging is attached to the air brake by a short 
chain, so that the regular system of air brake levers and rods 
is operated when the hand brake is used. This is not good prac- 
tice as regards safety, for any derangement of the air brake 
rigging then puts the hand brake out of action as well. The 
better method is to have the hand brake rigging independent of 
the other, using separate brake rods. This brings the inde- 
pendence of the two systems back to the truck levers, which 
with the brake beams and shoes are still common to both. On 
certain roads, with very steep grades, it is considered advisable 
to carry this independence of the two systems all the way, so 
that any accident whatever to one will not interfere with the 
other. This is the system of double brakes, where each wheel 
has a shoe on each side of it. The inside shoes are controlled 
by one brake and the outside shoes by the other. It is perhaps 
a little complicated, but the object is gained when the hand 
brake is well maintained. 

In air brake systems the distance between the shoes and 
wheels, when the brake is released, is governed by the piston 
travel in the brake cylinder, or vice versa. Ordinarily the 
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standing piston travel can be adjusted as low as 4 inches. The 
running travel, that is when the car is under headway, will 
then be 5 or 5i inches. This is due to the flexibility of the 
system, the jarring of the car allowing all slack in connections 
to be taken up. The piston travel should be taken up when the 
wear of the shoes allows it to reach 8 inches when running, for 
it then requires nearly double the amount of air to operate 
the brake. On all roads using air brakes, piston travel should 
be given the strictest attention by inspectors, for it is the key- 
note to the successful operation of the brake. 

Piston travel should invariably be adjusted by means of the 
turn-buckles in the bottom rod of the truck brake, and never 
by turn-buckles in the air brake rods, or in the cylinder lever 
tie rod. If the latter rods are made the proper length at first, 
they never need adjusting, and it is a mistake to place turn- 
buckles in them. 

The air pressure gauge should be placed where the motorman 
can see it without turning his head, and he should be carefully 
instructed that the efficiency of his brake depends on the read- 
ing of the gauge. The amount of energy consumed by the air 
compressor on the car is remarkably small when compared with 
the energy required to drive the car, being in some cases prob- 
ably about 3 percent, of it, or about 30 per cent, of the current 
required to light the car. One series of tests in regulai^ service 
showed .064 kw.-hour per car mile, as the average amount of 
energy consumed by the air compressor. This figure being a 
fair average does not show the great fluctuations to which it is 
liable on different cars, and under various conditions as re- 
gards the use of the air, leaking pipes, etc., but it is fairly sure 
to seldom rise above that required by the lamps. Statements 
have been made to the effect that the total energy consumption 
of an air braked car will be no more than it was on the same 
car, and in the same service, before it was equipped with air 
brakes. Probably it is possible in special cases for this to be 
true. If we consider a citv service and a certain schedule, the 
hand braked car has to be run under close control, and to do so 
the motorman has all the slack of the hand brake taken up, and 
the shoes touching the wheels, so that he may make a quick 
stop. In addition he runs very slowly on the first controller 
steps, and drifts but little. On the other hand, the air braked 
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car is always running at a slightly higher speed under similar 
circumstances, with the brake in full release, and the controller 
frequently in the series position, or shut off and the car drifting 
with no current. The motorman is fullv aware that he can 
easily make schedule time, and can stop suddenly at any mo- 
ment within a much shorter danger zone than before. Under 
such circumstances, and with other conditions favorable, it is 
possible that occasionally the air braked car can run with about 
the same total energy consumption as the same car using only 
hand brakes, but such cases are rare. 

The cost of maintaining an air brake equipment varies in 
about the same manner as the cost of maintaining the motive 
power equipment of the car. It depends entirely upon the ex- 
isting conditions on the different roads. These conditions 
mean not only the physical characteristics of the road as re- 
gards grades, etc., but also on the kind of care and inspection 
the equipment receives from those immediately in charge. In 
this last condition lies the whole secret of the cost of mainte- 
nance. Bigid daily inspection of the air brake equipment is 
more necessary than the inspection of the motors and con- 
trollers. No better example can be followed than the attention 
given air brakes by steam railroads. Every time a valve, or 
brake cylinder, is taken apart and cleaned, the date of such 
cleaning is stenciled on the apparatus, and if the necessary 
work is not done at stated intervals, the attention of the proper 
man is called to these dates. Every steam road has ordered 
that the engineer and car inspectors shall test the working of 
the air brake on every train after it has been made up, and 
is standing in a terminal station, before starting on its run. 
Some roads require that there shall be an additional running 
test within the first thousand feet after starting, in order to be 
sure the brake is in working order. Is it not just as important 
to adopt these methods on our interurban roads? In the ma- 
jority of cases, the failure of an air brake on an electric car 
is due to such trifles as a worn-out carbon brush in the motor 
compressor; to some disarrangement of the connections to the 
automatic governor ; or to a blown fuse : troubles which can be 
repaired in less than five minutes, and are nearly always due 
to careless inspection, or more often, to no inspection at all. A 
safetvor relief valve is essential. On some roads the air whistles 
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are very freely used, as regards the amount of air consumed. It 
is seldom appreciated that two or three short blasts of the 
whistle require as much air as an ordinary application of the 
brake. All this increases the time during which the com- 
pressor must run, and indirectly the cost of maintenance. The 
result is that the cost of maintenance on different roads varies 
to an astonishing degree. One large system, using many cars 
equipped with air brakes which were well taken care of, 
kept a careful record of repairs, and found that it cost, in labor 
and material, 30 cents per month, per car, or 1 cent per day. 
This is a fair average record, but does not include brake shoes. 
Automatic air brakes are seldom used on street or interur- 
ban railways, owing chiefly to the fact that cars are not gener- 
ally run in trains. On elevated roads, however, where trains 
of 3 to 8 cars are common they are invariably used. The brake 
is exactly the same as that used on steam roads except that the 
air compressor is driven by electricity instead of steam. 

A combination straight and automatic air brake system is 
rapidly coming into use, where electric cars are operated in 
trains. In this system, the application of the brake is auto- 
. matic while the release is similar to the straight air system. 

Controllers 

The control of the speed of any power driven vehicle has long- 
been the subject of deep study on the part of engineers and in- 
ventors. As far as efficiency of operation and lack of compli- 
cation is concerned the steam locomotive, by variation of the 
throttle opening and cut-off, probably has the best of it at 
present. The gas engine driven automobile undoubtedly occu- 
pies a position at the other end of the list, for it has been said 
with truth that their speed changing devices are little less than 
"mechanical assault and battery." 

On the other hand, a modern interurban car equipped with a 
series parallel controller, either of the drum or contactor type, 
with a properly divided rheostat, can be accelerated from zero 
to full speed and brought to a stop with the brake in a manner 
such that both acceleration and deceleration are at their maxi- 
mum values and nearly uniform. No better performance than 
this is needed so far as actual results are concerned, but the 
inefficiency caused by the enforced use of resistance, and the 
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fact that half speed and full speed are the only two efficient 
running points, are the objections. 

What is needed is a controller which will permit of the vari- 
ous changes in speed smoothly and without jerks, and at the 
same time make any desired speed an efficient running point* 
Of course it is realized that exactly this thing has been and is 
done under conditions where the extra apparatus required 
could not be placed in the limited space available on the ordi- 
nary motor car. A very close approach to it is now made, how- 
ever, in the new single phase variable potential controller. 

Many will remember the various attempts to control a single 
motor equipment by means of a rheostat, and through what 
changes the design of the rheostat had to pass before one was 
devised which was able to do the work. One of the early forma 
consisted of a wooden box filled with coils of galvanized iron 
wire connected to a circle of brass contacts on top. A lever 
carrying the contact brushes or fingers was operated by a chain 
or cable from a staff at the dash of the car, with a crank at the' 
upper end. This rheostat usually burned up after a few days 
due to overheating or to difficulty in extinguishing the arc 
at the main break. A rheostat was then designed and built 
by the Thomson-Houston Co. consisting of a group of sheet iron 
punchings packed in a semicircular iron case and insulated 
with mica. A radial contact arm carrying fingers passed over 
projecting iron contacts, and a magnetic blow-out took care of 
the final arc. This rheostat was very successful and it ia 
doubtful if a better one of similar capacity has ever been de- 
vised, as it was almost impossible to destroy it. 

When two motors constituted an equipment straight control 
by resistance was abandoned, and the well known series- 
parallel Type K controller came into use. This type was car- 
ried through increasing sizes until, for heavy motor cars. Type 
L3 probably represents its maximum size, its weight being 
about 800 pounds. Even this hand operated drum controller 
when called upon to break 800 or 1,000 amperes at 650 volts, 
especially when the speed was so low that little counter e. m. f. 
was present, failed to satisfactorily perform its duties, and 
cases are on record where recourse had to be had to the main 
circuit breaker to save the controller. This and its great 
weight, which was prohibitive on the platforms of the heaviest 
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cars, made it necessary to design a controller which could be 
placed elsewhere on the car where there was more room. At 
the same time the question of multiple unit control became a 
necessity and resulted first in the introduction of the system of 
Mr. F. J. Sprague. 

In this system some improvements were made in the details 
of the series-parallel drum controller, and it was removed from 
the platform and placed overhead in the hood or inside the 
car under the seats. Its drum was driven by a pilot motor 
controlled in a step by step manner by small master controllers 
on each car equipped, which only carried suflScient current to 
operate the pilot motors. No particular effort was made at that 
time to make a drum controller capable of breaking any greater 
current than had been successfully handled by those of similar 
size on the platform, nor was it considered necessary at that 
time. But a little later the increased weight and power of mul- 
tiple unit controlled trains as well as that of single motor cars 
necessitated the use of a controller of greater capacity than any 
form of drum controller than had yet been devised. This 
brought out the Westinghouse unit switch system of electro- 
pneumatic control, and the Sprague-General Electric multiple 
unit controller. A short description of these will be given 
below. 

It was thought best to give the foregoing brief r6sum4 of the 
controller situation in order to explain the changes which have 
occurred and to bring the subject up to date. In the meantime 
many thousands of the old Type K are in use on cars of medium 
weight and power up to four motors with a total of 200 horse 
power, and they are giving very satisfactory service. Their suc- 
cess is largely due to the eflScient form of magnetic blow-out 
employed. 

The rheostat can almost be considered a part of the series 
parallel controller, for upon the resistance, capacity and proper 
division of the former the successful operation of the latter de- 
pends. Too little attention to the rheostat seems to be a 
chronic failing on many roads. Almost as a rule when a road 
of average size installs the electrical equipment on some new 
cars the different sections of the resistance are placed in po- 
sition and the cable taps connected generally with the aid of a 
diagram from the manufacturer, but often without the intel- 
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ligent understanding which is necessary to correct mistakes 
when they occur. It is not difficult to calculate, with a given 
voltage, what the starting current of a certain equipment 
should be, and then estimate the necessary resistance, adding 
the ohmic resistance of the motors and possibly 5 per cent, 
more for counter e. m. f. and inductance. But after that it is 
far better to try the first car of a lot with an ammeter in 
circuit, and discover by experiment whether the car starts 
easily and without a jerk on the first point, whether the proper 
amounts of current are used and the acceleration is satisfac- 
tory on the other steps of the controller. On one road a very 
heavy four-motor car required 24 "resistance boxes" and not all 
were of the same capacity and resistance, and some were in 
parallel with others. The "try out method" after some changes 
resulted in a very uniform acceleration. The first point to be 
determined is the proper amount of resistance for the first step. 
On some roads where there is a considerable drop in voltage 
on long lines it is necessary to consider carefully what the aver- 
age voltage is and arrange the amount of resistance to allow 
the car to start easily at this voltage, taking care, however, that 
this resistance is not so low as to cause a bad jerk on starting 
where the voltage is at a maximum. In extreme cases it is 
often found that when this rule is followed the car 
will not start on the first point where the minimum 
voltage is encountered. The only remedy for this is to 
re-enforce the feeder system and reduce the drop. But after 
the first step has been adjusted there is no excuse for allowing 
"jumping" of the car and abnormal currents on the other steps, 
since it is but a few minutes' work to correct the error. Where 
a car starts hundreds of times a day the unnecessary current 
consumed on account of a badly proportioned rheostat in a 
year represents a waste which would astonish many a man- 
ager. 

A point about the ordinary K type of series parallel con- 
troller which is usually known to the operating men but often 
not sufficiently explained, is the fact that the car may be 
stopped when the trolley is off, or the fuse blown, and the brake 
inoperative. On a KIO controller and most others this may be 
accomplished by throwing the reversing switch to the backing 
position and turning the controller handle to multiple. This 
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places the two motors in series, but in such a manner that the 
voltages of the two armatures oppose each other. If these 
voltages were exactly the same there would be no current gen- 
erated and consequently no braking. But no two motors are 
identical and the slight difference in initial voltage gives one 
motor an advantage over the other and determines the direc- 
tion of flow of the generated current, and one motor is obliged 
to reverse its polarity. If the car is moving at sufficient speed 
the current generated by the two motors will almost instantly 
rise to an amount sufficient to slip the wheel. As the momen- 
tum of the car tends to throw more than the normal weight on 
the front wheels and relieve the rear wheels, the latter wheels 
usually slip first. The instant the wheels slip the motor on 
the same axle ceases to generate current, but as current from 
the other motor is flowing through it, it is rotated in the re- 
verse direction as a motor. 

On four-motor equipments where two motors are perma- 
nently connected in parallel, with say, K6 or K14 controllers, 
it is only necessary to throw the reverse handle, while the con- 
troller handle is in the "off" position, to cause the motors to gen- 
erate, as the circuits are already made, and it is only required 
to reverse the relation of armatures and fields. With four- 
motor equipments the reverse handle should not be returned 
to the forward position until the car stops, for otherwise the 
contacts on the reversing cylinder may be burned. 

A curious example of misunderstanding this subject was re- 
cently furnished on a road near New York. A car was ascend- 
ing a steep hill when the power gave out and the brake failed. 
As the car began to back down the hill the motorman threw 
over the reverse lever when he should have left it in the forward 
position to get the desired braking effect. Fortunately, though 
the car ran down the hill, no damage resulted. The instruc- 
tions failed to explain what to do if the car was moving back- 
ward and a brake of some kind was needed. 

Owing to the many "blow-outs" in series parallel platform 
controllers caused by the increasing power of four-motor equip- 
ments and the consequent inability of the controller to extin- 
guish the final arc, especially when a short-circuit takes place 
on the car, a demand has arisen for a platform controller which 
would positively take care of the arc. This is demanded in 
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some cases where the railway company does not wish to adopt 
the contactor system in its entirety, and has resulted in the 
production by the General Electric Co. of the K-28-D con- 
troller. In this controller two electro-magnetic switches, or 
contactors, are arranged in series and used to break the main 
circuit. These contactors are placed in the main circuit be- 
tween the controller and the trolley and are located in an iron 
box in a convenient position under the car. They effectually 
prevent an arc from holding between the trolley finger and any 
grounded portion of the controller after the controller handle 
has been turned to its off position. 

The two contactors, operating with resistance tubes which 
are placed in series with their solenoids or operating coils, are 
used in conjunction with two small contacts in the controller 
casing just below the cylinder or drum. These contacts are 
used for completing the circuit through the operating coils and 
are supplied with a magnetic blow-out for extinguishing the arc 
when they open their circuit. 

A pivot arm, operated by a projection on the fiber disc at the 
bottom of the cylinder, brings the two fingers into contact with 
a cross-connecting strip, thus completing the circuit through 
the energizing coils of the main contactors. The projection on 
the fiber disc is so located that the contactor circuit is com- 
pleted after the main fingers have made contact with the cylin- 
der segments, and in turning off the current the two contactors 
operate so as to open the main circuit slightly in advance of 
the main fingers, thereby relieving the latter from all damage 
due to burning. 

Fig. 138 shows the wiring diagram and development of this 
controller, and Fig. 139 illustrates the additional fingers used 
in the base of the controller for operating the main contactors. 

In the case of heavy motor cars, of electric locomotives, or 
where multiple unit control is required, one of the two multiple 
contactor systems of control is now generally employed. Gen- 
erally speaking, each of the fingers or contacts in the drum con- 
troller is replaced by separate switches arranged in groups un- 
der the car. In the Sprague-General Electric system these 
switches or contactors have individual magnetic blow-outs and 
are operated by electro-magnetic solenoids energized by an aux- 
iliary current taken from the main supply. This auxiliary 
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current is applied and regulated by the master contPoUer oper- 
ated by the motorman. It may vary in poteotial due to the l 
liue voltages from 300 to 750 volts, and its volume depends on I 
the number of motor cars in the train, being not over 2.5 am- 
peres at 600 volts for a lOcar train. The control cables carry- 
ing tbis current connect all the master controllersin tbe train 
so that the latter may be operated from any controller. The 
operation of the main contactors controlling the power deliv- 
ered to the motors on any car is thus independent of those on 
any other car. The main reversing switch ia also operated 
electro-magnetically on each car. 

A more recent improvement is tbe addition of a current-lim- 
iting relay. It consists of a solenoid placed on each motor car 
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through which the current of one motor passes. The arma- 
ture of this solenoid carries a contact disc which opens and 
closes the enei^izing circuit for the main contactors. In oper- 
ation the motorman may turn his master controller handle at 
once to the full speed position. The energizing current is first 
admitted to the contactors, which place the motors in series 
with all resistance in circuit. Tbe current passing through the 
limit relay draws up its armature until the counter e, m. f., due 
to the increasing speed of the motor, roduces the current in the 
motor circuit until it no longer holds up the armature of the re- 
lay. The armature then drops and makes connection to the 
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operating circuit of the next resiataace point. The contactors 
are thus interrupted in their progreaaioD at eaoh succeBsive 
step, 80 that a nearly constant amount of current is allowed 
the motors during acceleration until they are in full multiple 
without resiBtance. The result is simply predetermined auto- 
matic acceleration, over which the motormao has no control as 
far as an increase is concerned. He may stop bis master con- 
troller handle at any point, and the automatic action also stops 
there. There is no doubt of the great advantage of this method 
of automatic control in the operation of trains. It prevents 
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the use of excessive starting currents which injure the equip- 
ment and increase the cost of maintenance. 

Under certain conditions it has the same advantages when 
employed on single interurban cars, but opinions differ as to 
the advisability of limiting the acceleration of a city or sub- 
urban car, as has been tried by means of certain attachments to 
the ordinary platform controller, owing to the alleged neces- 
sity of sometimes increasing the acceleration to the extreme 
limit in order to get out of danger. Aside from that, however, 
the advantages are obvious. 

The Weetinghouse Electro-Pneumatic system of control prac- 
tically accomplishes the same results as the foregoing system 
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and difFera from it chiefly' in the manner of operating the main 
contactor switches. These latter are provided with magnetii; 
blow-outa and are very Bimllar to the others, but are operated 
by compressed air taken from the brake system. The valves 
which admit the air to the cylinders operating the contactors 
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are controlled electro-magnetically and connected in circuit 
with tbe master controllers. The energizing current is ob- 
tained from duplicate storage batteries of 14 volts potential on 
each motor car instead of from the line current. There are 
certain inherent advantages in the use of an operating current 
entirely distinct from tbe main supply. The operation of tbe 
contactors is made independent of the line voltage, and of in- 
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terruptions of current on the forward car of tbe train. There 
is also the poBsibility of stopping the train in the rather un- 
usual event of the simnltaneouB failure of the brakes and 
power supply by reversing with the master controller handle in 
the multiple position, so that the motors act as generators. 

Both systems employ reversing switches in the main circuit 
operated electro-magnetically by the auxiliary control current 
and also current-limiting relays described above. The master 
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controllers of both systems have a device by which, if tbe mo- 
torman removes his hand from the controller handle when 
power is on, the main circuit is automatically opened and the 
air brakes applied. This is a safety device of great importance 
if anything happens to the motorman, and obviates the neces- 
sity of employing two men in the cab as a precaution against 
this emergency. Pigs. 140 to 145 illuBtrate the most important 
features of these two systems of control. 
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Fio. 143.— {L«ri-Hand Cut) Sprague 0. E. MiBter Controller. 
(Bight-Hand Cut) Westinghouse No. 12 Master Controller. 



Fio. 144.— Qroup o[ Spraguu O. E. Contactors, Cover Opea. 
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CHAPTER IX 
THE DESIGN OF A MODEBN CAB HOUSE 

In suggesting a plan for a car house it is necessary to assume 
that the land needed is available in the form desired. The 
majority of car houses have to be fitted to the plot of ground 
owned by the company, and on that account inconveniences 
may be incurred which are impossible to overcome. After the 
size of the house, which is determined by the number of 
cars to be housed, has been decided on, the most im- 
portant problem is how to get the cars in or out in 
the most convenient and practical manner. The most 
common method is that in which the building is placed at 
right angles to the main track, and the house tracks join the 
main track in a succession of curves, sometimes both right and 
left, thus filling the main line with frogs and switches over 
which all the through cars have to pass on each trip. A nar- 
row street often compels this form, but where there is room, 
a second track parallel to the main line should serve as a lad- 
der for the house tracks. Again, if there is a passing point at 
the house, this ladder track should not be used as a turnout, 
but the latter should be put in at one end or the other. If there 
is not room for two tracks in front of the house the proper 
method is to put in a gauntlet in the main line, using it for the 
ladder. This eliminates a large proportion of the troubles aris- 
ing from continually running the equipment over the switches. 

In the design suggested here the building is placed parallel 
to the main track with offices, waiting rooms, etc., on the side 
nearest the track. Entrance and egress for the cars should be 
provided at both ends of the house by means of two ladder 
tracks leaving the main line and turning approximately at 
right angles to the latter, one at each end. This method places 
only two switches in the main line, without regard to the size of 
the house or the number of cars in use. (See Fig. 146.) The 
method is entirely practical and cheaper if used only at one 
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end, thus necessitating but one switch in the main line. A 
difference of opinion will be found as to the advantages gained 
by entering and leaving the house at both ends, and whether 
they are worth the expense of the additional special work. 
These advantages are obvious though, for they not only facili- 
tate quick movements of cars during regular operation, but in 
case of fire it becomes possible to run the cars out in perhaps 
half the time, and possibly saving the cost of the added facili- 
ties many times over. The point that should decide the ques- 
tion is the size of the house and number of cars, for it is, of 
course, not advisable in a small house. 

Three general styles of buildings are in use ; that most com- 
monly seen is a large brick building with a peaked roof sup- 
ported by steel trusses. Later designs are not so high and 
have the mill or "saw tooth" type of roof. (Fig. 147.) This 
provides an abundance of light and reduces the fire hazard. 

The latest design, however, is constructed entirely of steel 
and reinforced concrete with a low roof, almost flat, of the 
same material supported by concrete columns. (Fig. 148.) 

The trolley wire in the building is replaced by either Tee 
or channel irons attached to the bottom chord of the roof 
trusses and properly insulated from them. Mistakes have 
been made by constructing the roof too low, so that the trolley 
pole could not be raised to relieve the tension on the springs. 
This is important on a road where there are high trolley wire 
crossings (22 feet) over steam roads, as the springs, if not re- 
lieved, may not have sufficient tension at that height and the 
wheel may leave the conductor. Ample light must be provided 
by large side windows and skylights. As mentioned above, on 
the side of the house toward the track and occupying a width 
of 20 to 30 feet, should be located the offices of the superintend- 
ent or despatcher, the foreman and the accounting clerks. Next 
should be the waiting room for passengers if it is necessary, 
and then the lounging or recreation room and locker room for 
the men who run the cars. This latter room should be well 
fitted up and, if necessary, limited accommodations for sleep- 
ing provided. There should be a storeroom next, and all these 
rooms may not occupy half the length of the house. Following 
this should be the machine shop and blacksmith's forge for all 
light repair work. It is not necessary to provide a partition 
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between the shop and the main house, for the side windows 
here will asaiat in lighting the house. 

One of the most important points in the general plan of a 
car house is the design of the floor and the pits. In no case 
should a warm car be stored over an earth floor, for the heat of 
the motors will draw the moisture from the earth, and It will 
induce sweating within the motor frames which ma; cause 
trouble. Many car houses have suffered for lack of pits, and 
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some managers have expressed the opinion there cannot be too 
much track space devoted to pits, for a track in a house without 
a pit is of no use except for storage, and if cars are on such 
tracks the.v mnst be run to another track containing a pit in 
order to be inspected. This has caused many modern car 
houses to be equipped with pits under all tracks, and the 
method adopted has been to use a subfloor of concrete, properly 
drained, on which the tracks are carried on posts or piers of 
brick, concrete or cast iron, spanned by stringers or I-beams, 
which support the rails. It gives a comparatively clear space 
under all cars, which can be lighted by incandescent lamps 
placed along the stringers, and pit jacks carried by four-wheeled 
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trucks can be used on the subfloor. The space between the 
tracks is floored sometimes with plank, but a concrete arch is 
much better, and directly beneath is carried the steam heating 
pipes. Possibly, in large houses, it may not be advisable to 
have the entire floor space of this construction, but not less 
than half should be. 

In advocating so much pit space it will be understood that 
the principal object is to facilitate inspection, and not for the 
purpose of doing much repair work from below. Pits enable 
repair work to be done both above and below, and while it is 
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considered best to do all possible from above, there is fre- 
quently something which can be more easily done and seen from 
below. To work from above, on trucks or motors, it is of 
course necessary to raise the car to get out the trucks. There 
should be at least one pit equipped with the motor-driven jacks 
used in the main repair ^shop, and on a post convenient to this 
pit should be a jib crane with an air hoist, capable of lifting 
armatures, motors and wheels and axles. Opinions differ as 
to whether new wheels should be put under a car in an oper- 
ating car house; some preferring to send the car to the shop. 
If the facilities mentioned above for this work are provided, 
they are the same as are used at the shop, and are not expensive 
when we consider the dead mileage the car must make to and 
from the shop, keeping the car out of service probably a whole 
day; whereas the work could be done in the house in two or 
three hours. 
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Compressed air is very useful about a car house in many 
ways, and the equipment should always include a motor-driven 
air compressor, with a reservoir of large capacity, say from 
50 to 100 cubic feet, and an automatic governor to keep the 
pressure at 80 to 100 pounds. The air should be piped to sev- 
eral convenient places, preferably in the pits, where a hose and 
nozzle can be attached and air used for cleaning seat cushions, 
controllers, motors, etc. A portable air drill is often useful 
when a hole through a truck frame or some part of the brake 
rigging is needed. On roads where the cars are equipped with 
air brakes supplied by independent motor -compressors, the lat- 
ter are sometimes used to supply air for the purposes men- 
tioned, but it is better to have the outfit fitted with a larger 
compressor than is used by the cars, for the car compressor 
is frequently overheated and damaged when used for this pur- 
pose. 

As steam heat is a necessity in a car house, especially in the 
more northern latitudes, a boiler room should be suitably lo- 
cated, possibly in a separate building outside the house. In 
some cases the steam pipes are laid close to the fioor, under the 
cars, where there are no pits, so the cars are easily dried and 
snow or ice melted. 

The list of machine tools ordinarily considered necessary in 
a car house of average size is given below : 

1 grindstone. 

1 emery grinder. 

1 20-inch drill-press. 

1 engine lathe, 16 inches z 6 feet. 

1 forge. 

1 anvil. 

Fire Protection and Insurance 

So-called fireproof construction of modern car houses has 
undergone a number of radical changes in the past few years. 
Seemingly it was not realized until recently that the main ob- 
ject to be sought must be the protection of the stored cars, not 
the building. Almost any one-story building, not a wooden 
shed, constructed of brick or concrete and steel is reasonably 
fireproof, but the danger lies in the taking fire of the long 
closely packed rows of stored cars to be found every night in 
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the houses. Being of an exceedingly inflammable nature, even 
with the trolley pole pulled down, a fire caused by defective 
wiring may have smoldered during the day and become the in- 
cipient cause of a conflagration. This is the situation which 
is responsible for the great hazard existing in all car houses. 
There is little danger of the building taking fire first and com- 
municating to the cars, provided reasonable care is exercised 
in the disposal of rubbish, oily waste, etc. 

Many car houses have been built of brick with a slate roof 
supported by steel trusses of wide span covering a large area. 
Sometimes as many as 100 cars are stored in such buildings, 
which wei-e considered fireproof. They would be fireproof if 
the stored cars were built of steel instead of wood, but ex- 
perience has proven that the intense heat from a lot of burn- 
ing cars in such a building soon warps the steel trusses sup- 
porting the roof all out of shape, resulting in the immediate 
fall of the roof, thus completing the destruction. 

This has led to certain fundamental requirements to reduce 
the risk. First : Too manv cars must not be stored in one in- 
closed space. Second : The roof must not fall in. Third : Fa- 
cilities for getting water into the burning cars at once, either 
automatically or otherwise, must be provided. Fourth: A 
plan for rapidly removing undamaged cars from the building is 
necessarv. 

In regard to the first requirement it has been deemed essen- 
tial that the house be divided into bays separated by fire-walls 
covered by low roofs above which these walls project; that 
these bays contain no more than 3 tracks and inclose not more 
than 10,000 square feet of space. 

By some it is contended that the roof should be supported by 
short trusses spanning the bays and constructed of wood which 
has been subjected to a fireproofing process, the roof itself be- 
ing of metal. Metallic curtains are also suggested as being 
advisable, arranged to be lowered into position and raised 
when necessary, placed at suitable intervals across the bays. 
Others prefer a low reinforced concrete roof properly designed 
so that fire cannot readilv cause it to fall. These methods ful- 
fill the second requirement. 

The third necessitates efficient protection by a reliable water 
supply, sprinklers, hydrants, hose, watchmen and a good local 
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fire department. In all consideration of car-house protection 
the fact should be remembered that a car is not only a very in- 
flammable structure, but also one into which it is very diflQcult 
to get water quickly under ordinary conditions. All car-house 
fires are very rapid; in most cases not more than 35 to 40 min- 
utes are suflScient to accomplish the work of destruction. Fire- 
fighting apparatus should be so arranged that 'it is quickly 
available, and a few extra hydrants equipped with reels of 
hose and extinguishers of various kinds will often prevent a 
serious conflagration. The racks of open pails filled with 
water often seen, would do better service at the outset if filled 
with sand. 

The fourth requirement — ^that the cars be quickly removed — 
is a difficult problem in most cases. Some houses are built 
with a slight descending grade from the rear to the front of the 
house, the idea being that employees may run from car to car 
and release the hand brakes, thus permitting the cars to run 
out of the house by gravity, whence they are moved to a place of 
safety. In the case of an entrance at each end the grade could 
run both ways from the center of the building. In some fires 
many cars have been saved by employees placing the trolley 
wheel on the wire and the controller on the first point, thus 
allowing the cars to run themselves out under power, but it 
is evident that this takes more time than the other. 

A basement is nearly always an undesirable feature in a car 
house, as it usually becomes a receptacle for various kinds of 
rubbish, and is sometimes used for the storage of even more in- 
flammable material, as oils and paint. A second story should 
also be avoided where possible, even when used for offices or 
employees. If there is plenty of space there should be no 
difficulty in providing the necessary rooms on the ground floor. 
That these latter restrictions reduce the fire hazard is gener- 
ally admitted, though in many cases lack of space prevents 
their employment. 

Recent tests have shown that a properly installed sprinkler 
system is one of the best methods of fire protection in car 
houses. From the fact that such systems have been long em- 
ployed in factories, mills and all kinds of buildings containing 
inflammable material it is a source of some surprise that they 
have not been placed in car houses until very recently. In most 
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cases the* reduced insurance rate obtainable on account of their 
introduction will pay for them in a few years. 

A typical installation of one of these sprinkler systems is 
shown in Figs. 149, 150, and 151, which is in one of the car 
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Pio. 149.— Plan Showing Arrangement of Ceiling Sprinklers, North Albany 

Car House, United Traction Company. 

houses of the United Traction Co. of Albany, N. Y. The plant 
includes two main operating and storage houses separated by a 
narrow alley. They are built of brick throughout, with con- 
crete floors and pits, and a plank roof supported on steel 
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trusses, with a covering of slag roofing on top of the plank 
roof. In such a construction ceiling sprinklers as well as aisle 
or side line sprinklers are considered necessary on account of 
the height of the roof, as shown in the cuts. Ceiling sprinklers 
are so spaced that each one covers approximately 70 square 
feet. The aisle sprinklers are not over 7 feet apart and 8 feet 
above the car-house floor. Where cars are more than 4 feet 
apart two lines are placed in each aisle. The entire plant, 




Fig. 150.— Plan Showing Arrangement of Side Line Sprinklers, North 
Albany Car House, United Traction Company. 



which also includes a repair shop, emergency station, store- 
room, etc., contains 1,920 sprinkler heads. The dry -pipe sys- 
tem is used in the car houses and motor-driven air compressors 
supply the air pressure. A 25,000-gallon water tank was 
placed on a steel structure 75 feet high, as an auxiliary to the 
city water pressure. 

Some of the largest street railway companies carry their 
own insurance covering all their properties. In carrying out 
this plan a certain fund is set aside and invested, and to this 
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is added yearly or monthly an amount about equal to the pre- 
miums they would probably be required to pay the insurance 
companies for the same insurance. 

An important factor in this scheme of self-insurance is a 
thorough, regular and systematic inspection of all the prop- 
erty covered, with the end in view of preventing fires. One 
company employs two inspectors whose entire time is given to 
visiting the car houses, power stations and buildings in regular 
rotation, and whose duty it is to report in detail the condition 




Fig. 151. — Section through North Albany Car House Showing Combination 

of Ceiling and Side Line Sprinklers. 



in which all premises are found. They are also instructed to 
call attention to any conditions that might increase the fire haz- 
ard. The inspectors make a daily report to the general man- 
ager on a blank which includes some fifty questions, each of 
which requires an answer concerning some detail in relation 
to the fire risk. 

In addition to these rigid inspections, once in six months an 
outside expert examiner makes an independent inspection of all 
the property. At all of the principal buildings the precautions 
against fire include the placing of hose and other apparatus at 
advantageous points, and the designating of these points by 
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notices printed on the walls near each piece of apparatus which 
call attention to the necessity for keeping these locations free 
from dirt and rubbish that would interfere with the prompt 
handling of the fire-fighting equipment. 

Cab House Lighting and Heating 

Further attention should be given this important subject, for 
it is a problem which admits of no easy solution. In some 
cases it is not solved at all, and frequently very badly done. 

A house used for purely storage purposes, which is not an 
operating car house though it may be an adjunct to one, sel- 
dom requires any heat. Rows of incandescent lamps over the 
aisles in fixtures attached to roof beams, if the latter are low, 
should give sufiScient light if spaced two car lengths apart. If 
any small repair work should be done the light from the car 
may be used if needed. But light enough to see and move cars 
should be suflScient. 

In the case of an operating car house conditions are entirely 
different. Here are pits for inspection and light repairs which 
must be lighted and heated, as well as the building itself. The 
source of the heat for the entire space devoted to cars should 
be in the pits. This allows the hot air to rise through the 
equipments and melt the snow and ice with which they are fre- 
quently incased. Little heat is needed elsewhere than in the 
pits except in the repair shop and offices. 

As to the methods of obtaining heat it seems impossible to 
secure satisfactory heat without a steam boiler. While some 
car houses are heated by stoves these fail to place the heat in 
the pits, and in consequence are of little use. A car house 
adjacent to a steam-driven power station solves the steam 
question, but where such is not the case a boiler must 
be installed in the most convenient place and the house 
heated either by the direct or indirect system. In the latter 
the air is blown over steam coils and then conducted through 
flues to the pits. These flues may extend throughout the 
length of the house under the floor between pits, with oc- 
casional openings pointed diagonally downward toward the 
floor of the pits on each side. This plan is, of course, only 
available where the space beneath the tracks between pits is 
open, which is the usual present style of construction. Where 
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pitB are short, but little more than a car length, and closed, 
the flue openings may be in each end near the bottom and the 
hot air blown horizontally. 

In the direct steam system where open pits are in use the ra- 
diation pipes can be run beneath the house floor between pits 
where they are out of the way, and the heated air from the 
pipes must pass into the pits before it can rise. In closed pits 
the problem is more difficult, and while the steam pipes are 
sometimes placed along the sides of the pits, they are in the 
way of repair men. They have been placed in recesses at the 
sides, which is a considerable improvement. 

In the lighting of operating car houses arc lamps have no 
place unless the repair shop is of sufficient size to require one 
or two for general illumination. But in the main body of the 
house or offices they are unnecessary, and in view of the fluc- 
tuating nature of the current usually employed they should be 
entirely eliminated. 

Incandescent lamps between the lines of cars about one car 
length apart, attached to pipes which extend down from roof 
supports, or from a plank laid from truss to truss parallel with 
and above the aisles, will give abundant light. The lamps may 
be furnished with a white metallic shade for reflecting the light 
downward. They should be from 8 to 10 feet above the floor. 

Pit lighting is the most important and should be laid out 
with considerable care. The lamps should be placed along the 
sides of the pit about 10 feet apart at the pit side of the beam 
supporting the rails. In open pits this is usually an I-beam, 
and protection is afforded by the projecting flanges. The wir- 
ing should always be in iron pipe conduit. In closed pits 
where the supporting beam is frequently of wood a recess 
should be provided for the protection of the lamp. Fig. 152 
illustrates this. 

In regard to the source of current supply much depends on 
the distance from the power station and on the general con- 
dition of the feeder system. It goes without saying that a 
separate source of supply than the power circuit is desirable 
for many reasons. Experience with both city and interurban 
systems has shown that this is seldom practicable on account 
of the expense. If an independent ungrounded circuit of 120 
volts, either d. c. or a. c, were available, it would solve the 
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qnestion at once. But in most cases a separate 550-volt feeder, 
if tlie power station is not too distant, is the best that can be 
done economicalij. Many such honses, however, are compelled 
to get their lighting from the regular power feeders in the 




Fig. 15S.— Method of Pit Ltghtiog. 

vicinity, subject to more or less fluctnation and liable to go out, 
if tbat particular feeder gets in trouble. It would seem, how- 
ever, that where high-tension a. c. transmission is used a 
small substation equipped with static transformers only would 
furnish a satisfactory lighting current. 



CHAPTER X 

THE GENERAL DESIGN OF A MODERN REPAIR SHOP 

It is not proposed to attempt to submit here a complete de- 
sign of a model shop, but to illustrate some of the special 
features in modern shops recently built, and in a general way 
suggest a layout of a shop which seems best adapted to the 
class of work. In most manufacturing establishments the de- 
signer endeavors to arrange the plan so that the raw material 
is brought in at one end and the finished product sent out at 
the other. This is not so necessary in a car repair shop, as 
will appear later. The general layout of the plant should in- 
clude two long one-story buildings parallel to each other and 
separated by a space 70 to 80 feet wide. One building should 
be at least as wide as the length of two long cars so that each 
track could accommodate two cars indoors, making the total 
width about 110 feet. In this building should be the stripping 
and inspection room, the paint shop and erecting shop, and 
other departments in which work is done on the car body. 
The opposite building should be preferably of the same width 
and contains the winding room, the wood-working shop, the 
machine shop, the blacksmith shop and the truck shop. The 
general storeroom should be located near the center of one of 
these buildings, or in a separate building conveniently located, 
in which case the offices may be included in the same building. 
Between these two buildings and extending beyond them at 
each end is the transfer table, about 50 feet wide. Fig. 153 
shows a form widely used. It should be electrically driven 
upon four or six rails located in a shallow pit. The sides of 
this pit form a line parallel to the buildings at a distance of 
about 10 feet from the doors. This leaves 10 feet of track out- 
side of each door between it and the table. This space is often 
useful to place a truck temporarily, and allows room to open 
the doors. Objection is sometimes made to jacking up and 
repairing two cars on the same shop track, because of the 

206 
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probability of the rear one being completed first and having 
to wait for the other. This objection could be overcome if it 
was deemed advisable to construct the other side of the build- 
ing with doors to each track, and shop tracks leading to a track 
parallel to the building, and running around to the transfer 
table. It would then be possible to bring trucks to the car 
in the rear, and haul it out. This method is not unusual in the 
shops of car builders. Where possible there should be car stor- 
age yards at both ends of the transfer table line, so that all cars 
<?an be readily taken into or out of the shop. In moving cars 
in or out of the shop from the transfer table, whether the cars 
are on their own trucks, or temporary shop trucks, the usual 
method is to disconnect the transfer table gear and connect 
its motor to a windlass on the table and by means of blocks and 
a rope move the car; or sometimes a separate motor for the 
purpose is placed on the table. 

In suggesting a general plan of such a shop it is, of course, 
necessary to assume that sufficient land upon which to build 
is available in all directions, but it is true that this is seldom 
the case, and it frequently becomes necessary to modify the 
design to fit the land. There is little necessity in a shop of this 
kind for more than one floor, unless there is insufficient space, 
and this insures plenty of light, one of the most important con- 
siderations, whether the roof is of the steel-truss design with 
monitor and skylights, or the so-called mill construction. If 
the offices are in a separate building, which is sometimes ad- 
visable, it might be two stories in height. Whatever the style 
of construction for the shop buildings, and probably the mill 
style of steel and reinforced concrete is the best, each depart- 
ment should be separated from the next by a fireproof wall, and 
the whole shop equipped with a sprinkler system as well as the 
usual hose connections. 

Reinforced concrete construction is now being utilized to a 
considerable extent in the construction of shops and car houses, 
where it replaces brick and, to a large extent, steel. The con- 
crete mixture usually consists of one part Portland cement, 
two parts sand, and four parts crushed limestone. Another 
mixture is one of Portland cement, three of sharp sand, and 
four of crushed stone. The quality and fineness of the cement 
will vary the proportions of the mixture. Supporting col 
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F10. lU.— Half SectioQ of Shop Showing Reinforcement 
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nmns, walla, roof girders, and even the roof alabs themselves, 
are moulded or cast of concrete in wooden monlds, either in po- 
sition or on the gronnd, and afterwards placed. Columns are 
reinforced by iron rods spaced aronnd the circumference of the 
column and tied together hy iron bands, all of which are placed 
in position within the wooden mould before pouring and 
tamping the concrete. Smaller columua are sometimes cast 
around a cylinder of wire netting, a little smaller in diameter 
than the cotumo, in addition to longitudinal rods. In girders 



Fio. 1S5.— Det&IU of Pit Poets. 

the rodB are arranged as are truss rods, lowest in the center 
and rising at the ends of the girder. Roof slabs, as thin 
as 3 inches, are cast in place with wire netting or small rods 
integral with them. The walls between window casings and 
columns are boxed with wood, the interior poured full of con- 
crete, and wood then removed. Some details of reinforced con- 
crete construction are shown in Figs. 154, 155, 156. This ma- 
terial is absolutely fireproof and of great strength and dura- 
bility. 

In the design of shops of late, the question of fire protection 
is never lost sight of, so that now there seems to be little or 
nothing used in the construction of the buildings which can 
bum, the only infiammable material being the contents, in the 
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shape of cara and etores. The desigaer aime to protect one 
department from another, to keep fire from spreading, and 
There are those who believe that the larger departments, as the 
paint shop, the erecting shop, etc., should be separate buildings. 
It would seem, however, that when a shop is built of concrete 
with fire walls between departments all could be under one 
roof, except posBibly oil and paint supplies. 

The heating and lighting of a repair shop are of the utmost 
importance. In this connection it becomes necessary to install 



or TTollC)' Bikckae 

FiQ. 1S6.— Details of Beam ReinforcemeDt. 

a number of boilers, either in one of the main buildings, or in 
a separate boiler house. The conditions of power distribution 
will determine whether it is advisable to install an engine and 
dynamo, or frequency changers and transformers to obtain a 
proper current for lighting. Alternating current inclosed arc 
lamps suitably distributed, and supplemented by incandescent 
lamps where necessary, form a good method of illumination. 
Power for the shop tools, and for driving air compressors, can 
usually be obtained from special feeders at 500 volts. It is ad- 
visable to concentrate the power and lighting distribution 
points, as well as the heating, in the boiler plant, so that they 
may be under the control of a competent engineer. The Seat- 
ing and lighting of the paint shop require more attention per- 
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haps than that of the other departments. Arc lamps are sel- 
dom advisable in this case, unless desired for general illumina- 
tion and hung high. Rows of incandescent lamps, of 32- or 
50candle power each, between the shop tracks, hung on flexible 
cords at about the height of the tops of the windows, when the 
car is jacked up, give the best results. Throughout* the rest of 
the shop arc lamps are desirable for general illumination, and 
incandescent lamps about machines, and especially in a porta- 
ble form with extension cords, shades, and attachment plugs. 
These can be used on almost any work done at night, especially 
in pits under trucks and inside cars, in the erecting shop and 
paint shop. 

Heating should be done either by the direct steam system, 
with pipe radiators properly distributed, or by the indirect 
steam system. In the former it is diflScult to find suitable lo- 
cations for the radiators. The method sometimes used of sus- 
pending them at a considerable elevation above the floor is not 
at all desirable, for the heat rises, and not until the room is 
full of hot air does it approach the floor, where it is most 
needed. In consequence the floor is always the coldest part of 
the room. About the only place for radiators in the paint shop 
and erecting shop is midway between the shop tracks and 
parallel with them. This may necessitate increasing slightly 
the track center distance in order to give sufficient room. The 
indirect steam system is undoubtedly the best when conditions 
warrant its use. In this system the radiating surface for the 
steam is concentrated in one place for a whole building. This 
radiator is usually located overhead near the center of the 
building, and inclosed. Hot-air flues lead in all directions 
overhead, throughout the building. At regular intervals, in 
convenient places, outlets project downwards. A powerful 
blower then supplies air to the steam coils, which is heated in 
passing through them, and is forced out through the flues. 
The warm air is then forced from the outlets toward the floor, 
, from which it slowly rises. This system is especially appli- 
cable to the paint shop, as it uniformly warms the air about 
the painted or varnished cars, and it occupies no useful 
space. 

In suggesting the location of the various departments in a 
shop plant chiefly consisting of two long buildings separated 
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bj a traasfer table, we will designate these buildings as A 
and B. 

Building A, which is 100 feet wide by 400 feet long, contains 
first the offices, occupying 40 feet of its length ; then the car- 
washing room and the stripping room, each 20 feet long; then 
a storeroom of paints and painters' supplies. Next the paint 
shop, containing say 5 shop tracks spaced 16 feet centers 
or providing for 10 cars at a time. No pits are needed 
in these tracks. The wood-working shop should come next. 



Pig. 157.— Armature Jack. 

This room should be about 100 feet long, and requires 
several shop tracks for the purpose of transporting heavy 
material, as sills, etc., to and from the transfer table. 
It also Includes the cabinet shop. The boiler room should be 
next and is usually 12 or 15 feet below the floor level, so that 
shavings, etc., can be sent down in gravity or suction chutes. 
This room need not occupy over 30 feet of the length of the 
building, and part of the width could be at the shop floor level, 
containing air compressors and any electrical machinery or 
switchboards needed. It is to be understood that the entire 
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shop is electrically driven, most of the tools being driven in 
groups by different motors. Next to the boiler room is the up- 
holstery room, which requires little space, and tbe winding 
room, where general electrical repairs are made. Next is a 
lavatory occupying a suitable space in the end of the building. 
Building B. We assume that Building B is the same width 
as A, or about 100 feet. The first room in this building is the 
erectiug or equipping room. This room should contain about 
10 shop tracks on 16-foot centers, extending only to about the 
center of the building, and each containing a pit 40 to 50 feet 
long, with steps at each end. The depth of the pit should be 
50 inches from top of rail. In tbe bottom of the pit, which is 



Fto 158— Power Operated Car Jack. 

of cement or concrete, is used a small truck carrying a hand 
jack for lowering and removing armatures or motor frames. 
Fig. 157 shows one style. In place of the old method of jacking 
tbe car body off the trucks by hand, rolling the latter out, and 
placing the former on timbers or blocks, there are several 
methods of attaining tbe same thing with much less labor and 
time. Fig. 158 shows a method by which six screw jacks are 
raised simultaneously by shafts carrying worm gears aud con- 
nected by bevel gearing to another shaft which is driven by a 
motor. Each pair of jacks on the same side of the car, are 
spanned by a steel I-beam, and these two beams support a pair 
of timbers passed under each end of the car body. The safety 
of such an arrangement is apparent. Pig. 159 shows it in use. 
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Each pit in the erecting ebop Bhoald be equipped with these 
jacks, and each pair of pits at their outer end, near the doors, 
should be served by a jib crane attached to a post midway be- 
tween pits. These cranes should be equipped with compressed- 
air hoists capable of lifting from two to three tons. As ar- 
ranged each crane serves two pits. One type of jib crane is 
shown in Fig. 160. The great utility of a traveling crane both 
here and in the truck shop is fully recogaixed, bat conditions 
most warrant the expense. Back of these pits in the other 
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Fig. 159.— Power Operated Car Jack in Operalion. 

half of the space allotted to the erecting shop is located a 
light machine shop where are made all repairs to air brakes and 
piping as well as repairo to other car equipment, such as heat- 
ers, lighting circuits, car wiring, registers, etc. The next room 
should be the general stock room, which may be possibly 50 
feet wide. A lavatory and locker room should be included 
in the next space, abont 12 feet wide, but not necessarily ex- 
tending the full width of the building. The next is the truck 
shop, which should contain at least Ave shop tracks on 15-foot 
centers, extending only to the center of the building, the room 
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beiDg about 90 feet long. Each track should contain a pit, 
but the latter need not be over 20 feet in length, bo that two 
trucks ma; be over the pit at once. If considered advisable 
a traveling crane shonld cover these tracks, if not the jib cranes 
with air hoists should be used. Back of the truck shop in the 
same room should be the heav; machine shop, which includes 
the wheel shop. An extra shop track without a pit should 
connect the wheel shop with the transfer table. Pig. 161 shows 



Fio. 160.— Jib Type Crane Used Id Car House. 

a somewhat similar arrangement. The blacksmith shop and 
tin shop should come next, not necessarily separated from the 
truck shop, while part of the space could be inclosed for plat- 
ing, buffing and polishing. The building length occupied by 
this work need not exceed thirty feet. The blacksmith shop 
should include a 2000-ponnd steam or compressed-air hammer, 
and a bulldozer. lu a part of the space occupied by the black- 
smith shop, preferably nearest the transfer table, could be lo- 
cated a wheel-grinding device, the dnst from which would be 
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least likely to cause damage in this location. In the design of 
the one shown in Fig. 162 an attempt has been made to ex- 
haust the dust and discharge it through the blower and pipe, 
delivering it at some outside point where it can do no harm. 
Next the blacksmith shop could be the iron storeroom, in which 
is iron and steel, and all such supplies as wheels, axles, brake 
shoes, spare motors, and trucks, and other material too heavy 
to be handled in tjie general storeroom. Both the blacksmith 
shop and the iron storeroom should have one shop track each. 
Back of Building A should be a lumber storage yard, with a 
brick building for a dry kiln, about opposite the boiler and 
engine room. Space should be reserved at convenient places 
outside Building B for storage of scrap, as old trucks and 
wheels, springs, etc. This arrangement and size of shop has 
been selected for a road of about 200 cars, and dimensions 
would be increased or decreased to meet the number of cars to 
be served. The principal elements to be kept in view in the 
design of any repair shop are provision for abundance of 
light, fireproof construction, cleanliness, and such an arrange- 
ment of departments that the work may pass progressively to 
completion. 



CHAPTER XI 
MAINTENANCE OF INTEBUBBAN TRACK 

A VERY few years ago, when interurban roads first came into 
being, the question of maintenance of way was apparently for- 
gotten by some roads. Those who thought about the matter at 
all seemed to have the impression that the track would care 
for itself, except in case of a washout, or a wreck, and con- 
tented themselves by an occasional inspection, and cutting the 
weeds when they became troublesome. Most managers in those 

days must have known approximately the amount of labor ex- 

• 

pended on track by the steam roads, and how the opinion was 
formed that interurban track would require only about 10 or 
20 per cent, of the other is a mystery. To be sure the light 
weight and low speed of the cars did not impose the wear and 
tear on the track that steam trains do, and it is evident that 
the increasing weight and speed of interurban cars finally 
forced attention to the care of the track, and the necessity for 
better conditions, if the higher speeds were to be employed. 

On steam roads the life of rails is said to be about 15 years. 
This does not mean that they are worn out, for they are nearly 
always relaid on branch lines, or sidings. The fact is that 
most steam roads in the past have felt compelled to relay their 
main lines with a heavier rail in less than the time mentioned, 
sometimes in 10 years, on account of the incTeasing weight of 
the rolling stock, for which the former rails were too light. 
The life of the rails of an interurban road is a question. It has 
been estimated at 20 years, but it may be longer. Probably 
no interurban road has worn out its rails as yet, except on 
sharp curves. On a basis of 20 years, the cost of renewals per 
mile per year, for the 70-pound rail, would be 5 per cent., or 
about J165.00, though it is doubtful if this figure has yet been 
included in the cost of interurban track maintenance. The 
life of ties is a decidedly variable one, for one tie may last 
twice as long as its neighbor. It is fair to assume that 6 per 
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cent, of the cost is sufficient for renewals in interurban track, 
or about 190.00 per mile per year. Rock ballast is quite a per- 
manent fixture and deteriorates but a small amount. $25.00 
per mile per year should be sufficient. 

As regards track labor, many steam roads employ one man 
per mile of single track, besides a foreman, during good 
weather, the sections being from 8 to 12 miles in length. This 
number is cut down about one-half in winter. It is not the 
custom among interurban roads to employ as many, though 
some of the best approach it closely. The sections of the Indi- 
ana Union Traction Company average 7 to 8 miles in length, 
and they employ three to five men and a foreman in summer 
and two men and a foreman in winter. This labor costs from 
f 275.00 to »300.00 per mile per year. The Cincinnati, Dayton 
& Toledo Railway has sections 18 to 25 miles long, and employs 
from seven to ten men and a foreman per section in summer, 
and two or three men and a foreman in winter. Section men 
on this road work 9 hours per day at 15 cents per hour and 
foremen receive f 1.75 per day. The wage scale varies usually 
between f 1.25 and fl.50 per day in different parts of the 
country. A number of Ohio interurban roads have sections 15 
to 18 miles in length, and employ an average of four to five 
men and a foreman in summer. Except under particularly 
favorable conditions this force is hardly sufficient to keep the 
right of way well maintained. Generally speaking, it should 
cost from f350.00 to |400.000 per mile per year, including tie 
renewals. 

The employment of an engineer of maintenance of way, or a 
road master, should be in the interest of economy. He devotes 
his whole time to the care of the right of way, and by a sys- 
tematic organization of his department he can invariably so 
direct the work as to produce economical results. Too often 
this department is under the supervision of some engineer or 
officer who has numerous other more important duties, and the 
care of the track is mainly left to the section foremen, who 
probably do the best they can under the circumstances. The 
life of the rail joints can be greatly prolonged by inspection 
and maintenance. A walk on the track of many interurban 
roads brings to the attention hundreds of loose joint bolts. 
Where is the trackwalker with his wrench and sledge? He is 
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an important man on steam roads, and in many localities is on 
duty night and day. Keeping the joint bolts tight, thereby 
holding the angle plates firmly in position, and the driving 
home of loosened spikes, is an important item of maintenance, 
and the expense of a man to walk a section every few days per- 
forming these duties is small. The result is a smoother, better 
riding track. 

The care of the drainage ditches is often an important item. 
Oftentimes during a severe rain storm a wash-out will call at- 
tention to faulty drainage conditions which were not easily 
detected otherwise. Additional facilities for leading off a 
large quantity of water can then be provided and a repetition 
of the occurrence at that point be prevented. A heavy rain 
storm also frequently points out the fact that culverts are too 
small to carry off the surplus water or that they are of faulty 
construction. The cultivation and growth of sod on embank- 
ments is an excellent precaution against wash-outs and it gives 
great strength to the embankment. But the growth of grass 
and other vegetation on the roadbed between the ties should be 
prevented if practicable, for it decreases the life of the ties and 
is a source of expense in the cutting made necessary when it 
has grown tall. On some roads where built along the base of 
a steep, rocky hill there is sometimes danger of rocks becoming 
loosened and rolling on the track. In such places it is often 
advisable to build retaining walls of the stone in the vicinity. 
These are loosely built and intended simply to act as a barrier 
against rocks falling from above. Steam roads frequently 
have to resort to the above and in addition employ a track- 
walker who frequently patrols the dangerous localities. 

A practice often productive of good results is employed by 
some steam roads relative to the care of the right of way. It 
is the award of a prize to the section gang who have kept their 
section in better condition for a year than all other sections 
on the division. The prize usually consists of a slight advance 
in wages to the different members extending throughout the fol- 
lowing year and the privilege of attaching a sign to their 
headquarters which announces that theirs is the "prize sec- 
tion." The winners are selected by the division engineers and 
officers of the maintenance of way department, who make care- 
ful observations at every inspection trip. The points observed 
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are the condition and care of the ballast, the smoothness and 
uniformity of the slopes, the condition of the drainage ditches, 
the care of the weeds and fences, and the surface and alignment 
of the track. In addition to these attention is given to the 
cleanliness and general appearance of the entire right of way. 
Everything which is not of use to the road is removed and no 
junk or tools not in use should be in sight of a train. 

It is probably true that many of the above points are refine- 
ments which the average interurban manager thinks he has no 
time to devote to, and as he is compelled to operate his road 
with much less assistance in the form of division engineers and 
roadmasters than the steam road is, he is right to a certain ex- 
tent, but it is reasonably sure that more attention will be given 
to the matter in the future. That the effect of a well-kept right 
of way is to enhance the value of the property goes without 
saying. 



CHAPTER XII 
OVERHEAD LINE MAXNTENAKCE 

Emergency Repairs 

On many railway systems in the past the subject of over- 
head maintenance has not been given the attention it should 
have. The department has not been properly organized and 
details have been left to take care of themselves. An investi- 
gation of overhead maintenance costs in different parts of the 
country has shown an exceedingly wide variation, due in part 
to the apparently careless methods employed in classifying 
these costs, and to the absence of certain economies which have 
been introduced on some of the more important systems. 

Maintenance, as applied to overhead lines, should include 
simply the cost of repairs made necessary by long service, ac- 
cidents or damage caused by storms. This means the renewal 
of poles which are no longer safe, the replacement of worn- 
out material, as trolley wire, hangers, ears, span wire, insu- 
lators, etc. But it should not include an increase in feeder 
copper, or increased weight of trolley wire or such other items 
as are made necessary by the usual increase in traffic and con- 
sequent weight and power of new cars. Such labor and ma- 
terial should be charged to capital account as new equipment. 
It is because this discrimination is not always made that wide 
variations in costs exist. 

Only the more important roads have organized their over- 
head department in a systematic manner. In these, generally, 
there are two classes of repairs, viz.: emergency repairs and 
regular repair work, the latter also including the work charged 
to new equipment mentioned above. Thus there are three sep- 
arate accounts, the first two being really one, but separated 
for operating information. High cost of emergency repairs 
may indicate a weak or unsatisfactory condition of the over- 
head system, or a bad condition of trolley wheels or improper 
spring tension on trolley poles. Again it may show an un- 
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satisfactory state of the track where, as is usually the case, 
the emergency department includes a wrecking outfit and at- 
tends to cars which are off the track, or have met with other 
mishaps. 

On some roads the cost of overhead maintenance is computed 
on a car mile basis, but this does not seem to form a suitable 
comparison. It is true that the number of cars passing has an 
influence on the maintenance cost, but the cost per mile of 
track seems a far better method. The total cost of operation 
of a road per car mile does not afford as true an indication of 
its financial condition as does the cost per mile of track when 
compared with the receipts. 

The usual emergency stations in large city systems are ex- 
pected to take care of about 50 miles of double track each, al- 
though this figure is subject to wide variations. The emer- 
gency station is very similar to that of a fire company, and the 
following gives a description of the equipment. 

The building should contain stables for two horses and stor- 
age room for one tower wagon and one wrecking wagon as well 
as sleeping accommodations for at least 3 men. Sometimes 
the men sleep in the neighborhood, where they can be easily 
called, but one must always be in the house. Their number 
usually consists of two linemen, one of whom is the relief man, 
and each is on duty 12 hours, and off 12 hours. Wages vary in 
different cities, but a fair average is |2.75 to |3.00 per day 
each. One driver, at |1.75 to f 2.50, is also included. Where 
a double crew is housed in one station but five men are neces- 
sary, as only one relief man is required. The pair of horses 
are generally used on either wagon, so if a second call comes 
in when either wagon is out, the nearest station in the ad- 
joining district is notified or the nearest car house. 

The equipment ordinarily carried on the wrecking wagon 
usually consists of the following tools and materials: 

3 lifting jacks, 10 to 15 tons each. 

4 car replacers. 
2 crowbars. 

1 set 10-inch blocks. 
1 set 8-inch blocks. 

1 set 4-inch blocks. 

2 lanterns. 
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2 wheel shoes with chains. 

1 hose bridge. 

An assortment of heavy blocking. 

Hand lines and miscellaneous ropes and chains. 

Ropes as large as 2^ inches in diameter are sometimes in- 
cluded, for towing cars. Also chains made of f-inch steel. 

The wheel shoes are placed under the wheels on disabled 
axles, either broken, bent, or with gears jammed, and the 
chains made fast to the car body, thus enabling the crew to 
slide that pair of wheels under the car to the repair shop with- 
out further damage to the equipment. The hose bridge is 
somewhat new, but is now in quite general use in most large 
cities. They are generally long enough to allow four linea 
of fire hose to pass beneath them. 

The tower wagon equipment consists of the following: 

1 complete set of overhead repair tools. 

1 bolt cutter. 

Soldering outfit — charcoal or gasoline. 
12 cones and caps. 
12 ears. 

2 trolley wire pick-ups. 

1 lifting jack, 10 tons. 
Rubber gloves. 

Sections of trolley wire, span and pull-off wire. 

2 lanterns. 

In some instances emergency stations are operated by two 
linemen only, one of whom is always on duty. When the call 
comes in he drives either wagon to the point of trouble and 
depends on help obtained from employees on the spot to make 
only temporary repairs. Afterward, at a more convenient 
time, the regular maintenance crew make permanent repairs. 
In many cases, however, the full emergency crew are employed 
and expected to make permanent repairs at the time. 

Emergency calls are all sent in over the telephone, which is 
connected to the company's private exchange, and usually to 
the local public exchange as well. The caller describes the 
class of trouble — wire down, car off or wreck — and name of 
man reporting the trouble. Certain rules are generally issued 
for the guidance of emergency crews. Among others, they are 
required to submit a daily report giving time trouble occurred,. 
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time call was reported and time repaired, including a clear 
statement of the trouble, the location, and what caused it. 
They are also instructed, in case a person is injured, to call a 
physician and notify the claim department at once. Often a 
city fire-alarm tapper is placed in the emergency station and 
the crew responds to certain calls in the more populous business 
districts, in order to be of assistance to the firemen in caring 
for broken wires which may impede the latter in their work. 

As stated above, owing to the custom of including new ad- 
ditions to overhead equipment in the maintenance charge, it 
is difficult to arrive at a fair average cost for maintenance only. 
In the New England States it may be said that the large city 
and suburban systems entail an expenditure of about {150.00 
per mile of track per year, of which about |50.00 is labor and 
f 100.00 material. In the cities of the Middle West there are in- 
stances of considerably lower costs, due possibly to a somewhat 
more substantial form of construction, owing to the more gen- 
eral use of heavier cars. A maintenance charge somewhat less 
than 1100.00 per mile of track per year is not unusual. On the 
other hand, where certain large systems are practically under- 
going overhead reconstruction, the cost will frequently rise to 
1300.00 where all work is charged to maintenance account. 

The cost of labor and the number of emergency repair sta- 
tions on certain systems is capable of considerable variation 
due in part to the general condition of the overhead work, and 
to the methods employed by the engineer or officer in charge. 
One such engineer was once asked if he did not think his 
emergency crews had to cover a very large territory, and if it 
was not inconvenient at times to handle trouble on the out- 
skirts, four or five miles from the nearest station? His reply 
was that it was his policy to strengthen the overhead system at 
those points in such a manner that trouble was very unlikely 
to occur. It is probably possible to do this in certain cases, 
and, if so, it may save the expense of an additional emergency 
station. 

On purely interurban roads the overhead maintenance cost, 
even though it includes signal and telephone wires which are 
exposed to severe storms, is usually remarkably low as com- 
pared with a city system. Here the necessity for the ordinary 
emergency station does not exist, for a tower car manned by 



286 AMERICAN ELECTRIC RAILWAY PRACTICE 

one or more linemen and men from the car house can do all that 
is necessary. It is true that the slipping off of a pole on a 
high-speed car is liable to do considerable damage in less than 
a minute, but the employment of trolley catchers, together with 
a good alignment of the wire, has rendered such occurrences 
comparatively rare. A yearly average cost should not exceed 
140.00 per track mile, and doubtless many roads are operating 
at considerably less. Much depends, in high-speed lines, on the 
strength and stability of the overhead structure. 

Inspection and Analysis op Distribution System 

In analyzing distribution conditions, the questions arise, 
Where are the losses, and what is the best average potential the 
system now gives? What portion of the station output is de- 
livered at the average distribution potential, and how much is 
delivered under maximum-drop conditions? Is the greatest 
loss in the copper or the ground return? If in the copper, 
is the copper now connected with the system utilized at its 
maximum efficiency? 

The early principles used in the laying out of a copper dis- 
tribution system for electric railways, when the overload pro- 
tection devices in the station were not adequate to handle a 
short-circuit, led to cutting the trolley wire into independently 
fed sections, so that a breakdown on one portion of the dis- 
tribution system would not affect traffic on other lines. But 
development of the external distribution system has not kept 
pace with improvements on the overload safety devices, and the 
individual feeder load factors are, as a rule, far below what 
they could be made if these feeders were interconnected through 
an automatic line circuit-breaker. In case of a short-circuit 
on any of the lines, these automatic devices, when feeding an 
overload into the section in trouble, will open, and thus auto- 
matically make that section independent until the trouble is 
remedied. When feeders are properly connected together they 
act as equalizers and reduce the transmission between them, 
and many cases are to be found where the expenditure of a few 
hundred dollars for automatic circuit-breakers, provided with 
semaphores which indicate when they are open, will obtain 
the feeding value of a considerable investment in copper. 

It would seem hardly possible that a constant could be de- 
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rived from an electric railway feeder, but by placing a re- 
cording ammeter in series with the feeder there will be noted 
a regular recurrence of current variations, and through these 
can be drawn a curve which will represent the periodicity of 
load on that feeder. If two adjacent feeders have their peaks 
or maximum loads coincident, the gain from connecting these 
together is small, and in such a case the trolley section may be 
changed in length, so as to place their maximum periods out of 
phase, so to speak, and then their connection will mutually re- 
duce the loss between them. It must be borne in mind that, 
while the watts produced in the station are measured by the 
product of the volts and amperes, the watts loss in the distri- 
bution system is the square of the current multiplied by the re- 
sistance of the circuit through which it is transmitted. As the 
standby and fixed charges of the power station are large, it can 
produce 50 per cent, greater output at an advance of only 25 
per cent, greater cost, especially if the load factor is improved^ 
but the losses in the distribution system (if kept the same) 
have increased 25 per cent. 

This clearly shows how necessary it is in improving the econ- 
omy of the distribution system, to take advantage of every 
possible method, by utilizing properly the conductors we now 
have to their utmost earning capacity. The easiest possible 
method for the remedy of bad conditions is to buy more copper, 
and put it into use along such lines as show the greatest losses. 
This should only be done after using every endeavor to utilize 
the present copper to its greatest advantage. 

One of the greatest mistakes in the electric railway business 
is overbuying. They have been doing this for years ; one sys- 
tem will scrap what another system has continued to use with 
economical and commercial success. Many have been led to 
the abandonment of property, which still exists in the capital 
account of the company, by arguments and conclusions often 
based on false and pernicious assumptions. Early in the art 
certain defects or derangements in the system were assigned 
to certain causes. The same defect is still assigned to the same 
inherited cause, but in reality, in many cases, the original cause 
has been removed and the present cause can be easily remedied. 
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Testing 

EcoDomical mainteoaDce depends much on intelligent test- 
ing, and the methods of locating and determining the relative 
losses in the system are of great importance. In transmission 
losses it is essential to find the average and maximnm loads on 
feeders, individnallj ; where these losses occur in distribution 
under actual working conditions; what portion of the losses 
is in the copper, and what portion is in the ground-returo sys- 
tem, and what is the cost per annum of these losses. 

In the station the loads are found by an autographic record 
■of feeders taken during different periods of loading. On the 
line they may be taken by an autographic test car. The data 



Fia, 168.— Autograptitc Test Record. 

obtained by running over the line with such a car include the 
actual variation of the voltage on the line while the system is in 
operation, as shown on the broken line at the left in Fig. 163, 
In order to find the total transmission loss a load of 100 amperes 
is assumed. It will be seen that this will produce a greater 
drop on the voltmeter. Suppose the voltage before the added 
load was 500, afterward it was 450, then the 50 volts differ- 
ence divided by 100 amperes will give .5 of an ohm for the 
total transmission resistance. Again, suppose the lowest 
voltage observed was 400 volts, then the drop on the system 
corresponds to a load of 200 amperes at this point. 8o, know- 
ing the transmission resistance and the lowest voltage read- 
ings, we can Immediately determine the feeder load which is 
responsible for the losses on the feeder at the point of test. 
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In this test we have two losseH combioed, the copper and the 
ground-return losses. We can find the copper resistance by 
several different metbods. One, by calculating the copper re- 
sistance to the point of test, and another, by testing the Bysteni 
while out of service with a voltmeter. In this method the 
feeder to be tested is given a known load and any other feeder 
from the power station which has no load is used as the pres- 
sure wire back to the positive bus. This gives the drop in 
pressure over the loaded feeder which, divided by the current 
it is carrying, gives ns the resistance 0/ the copper feeder to 
the point of test. Then the difference between the total trans- 



Fio. 104.— Diagram Slioniag TraDsmisalon Realataace and Losses. 

mission resistance as found above, and the copper resistance, is 
the resistance of the ground return. 

A graphic method of showing transmission losses is given 
in Fig. 164, and a diagram of the feeder is laid out, the 
copper losses being indicated by the length of ordinatea at 
the different points of test. The tota! transmission resist- 
ance is indicated on the same ordinates at the same points. 
The lower area gives the copper losses and the upper area the 
ground-return losses, the location and amount of these losses 
are in this way graphically indicated. From this diagram, in 
connection with the feeder-load diagram, the cost of the losses 
per annum of a feeder while under operating conditions can be 
determined, as well as its e£Sclency compared with other 
feeders on the system. By comparing it with other feeders 
on the same pole-line, it can be found out which feeders can 
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mutually assist each other to the greatest advantage by equal- 
izing them through an automatic circuit-breaker. 

In the testing of the ground-return circuit new methods have 
been devised, for it has become evident from the electrolysis 
cases in this country that while no court has yet allowed an 
injunction, and the question of damages has not yet been de- 
cided against the railroad company, the maintenance of the 
bonding of the track has been given great weight by the court, 
and if negligence can be shown here, damages may in the future 
be awarded. So it may become necessary to produce a rec- 
ord of the actual physical condition of every bond on the road, 
in order that isolated cases might not be presented to the court 
as a true criterion of the existing conditions. The problem is 
as follows: That the joint should be measured accurately in 
less than one-thirtieth of a second ; that the sensibility of the 
instrument should be that of a Weston milli-voltmeter, that this 
instrument should be protected by an automatic device working 
quicker than the instrument, to cut it out of circuit when the 
potential exceeded that of the calibration of the instrument; 
that such conditions should also be marked on the record ; also 
that every movement of the hand of the instrument should be 
reproduced on the record without any interference with th6 
sensibility of the instrument 

Fig. 165 is the diagram of the connections of an instrument 
which was devised some three years ago, and has since made a 
record of over 8,200 miles of track, and tested and recorded 
over 2,600,000 bonds, over a ton of paper having passed through 
the machine in making these records. This is the recorder that 
is now on the Herrick autographic test car "B," which last year 
ran over 86 per cent, of the roads in Connecticut, and 89 per 
cent, of those in Massachusetts. 

In order to produce this record the drop along the rail was 
taken by means of two steel brushes shown at "H." It has 
been found that the composition of the steel in these brushes 
must be of nearly the same composition as the rail, otherwise 
there will be a thermo-electric effect when taking pressures on a 
dry rail. The brushes are four feet apart, and it will be seen 
in Pig. 165 that in position No. 1 we get a drop across 4 feet of 
solid rail, and in position No. 2 we get a drop across the joint, 
and in No. 3 solid rail again. In bond testing we cannot be 
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sure of having cnrrent on the rail at all times, so a low-teneioD 
cnrrent of shoot 200 amperes per rail is cansed to flow hetween 
the two trucks of the car, produced by a local low-tension gener- 
ator. The drop cnrrent from the brushes is taken first to a 
reverse switch and then it separates in two circuits, one going 
through the electro-magnetic automatic and the other through 
the milli-voltmeter. The milli-voltmeter circuits pass through 
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Fio. 105.— CooaectioDB for Autograpliic Bond Tester. 

calibrating rheostats, so either instrument can be made to work 
through any desired range. The milli-voltmeter circuit in pass- 
ing through the automatic cut-out is brought to two mercury 
cups which can be bridged and the milli-voltmeter cut out when 
the impressed electro-motive force across the automatic is any 
desired amount for which the latter can be adjusted. Also at 
the same instant that the milli-voltmeter is cut out it closes 
the circuit through a magnet actuating the zero pen, and marks 
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on the record an open bond at the point where it occurs. The 
movement of the milli-voltmeter hand is recorded on paper bj 
means of a high-tension spark, the hand forming the bridging 
portion of this spark circuit, and is also insulated from the 
milli-voltmeter movement. The spark is taken by the hand 
from a segmental plate and distributed to a commutator ; this 
commutator terminates adjacent to the paper, and at the back 
of the paper is a plate which is the other side of the high- 
tension circuit. The capacity of this circuit is made such that 
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it punctures and raises the fiber of the paper at the same time, 
and as all points of the commutator present the same electrical 
resistance to the spark, there is no dragging of the spark and 
every movement of the hand is reproduced on the record. The 
record paper moves with the car at the ratio of 120 feet of 
track to one inch of paper. The locations adjacent to the track 
are produced manually by a pen having two motions magneti- 
cally controlled, and these are made as the points are passed 
by the car. For a street intersection the pen is lifted from one 
curb to the other. Curves are offset by the signal pen from one 
tangent to the other, poles are indicated by a dash made when 
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the car is opposite the center of the pole, an electrically oper- 
ated numbering machine stamps the numbers in at each sta- 
tion, which numbers correspond to the written list of stations 
and these are afterwards typewritten on the record. Both 
rails on the track are taken at once, but only one side is shown 
m Fig. 165 at G. 

By using the current from the rotary, the value of which is 
always known, the normal current flow on the rail can be de- 
termined, and its direction. Assume with the generator on we 
had 200 amperes, and 10 milli-volts drop on the solid rail, when 
we cut off this current we found we had 6 milli-volts ; 4 milli- 
volts is then equal to 200 amperes on the rail, or each milli- 
volt is 50 amperes, and consequently we have 300 amperes flow 
on the rail and the resistance of the rail is 6 milli-volts divided 
by 300 amperes for 4 feet of rail. This resistance is checked up 
a number of times over a route, and if we add the resistance 
of the total length of the line of rail to the drop found on each 
joint, due to the normal current flow on the rail alone, it will 
give us the total of the ground-return resistance, which can be 
checked with the results obtained as in Fig. 164. 

An actual bond record, locating the defective bonding, and 
indicating where its improvement will produce the greatest 
revenue for the money expended, is shown in Fig. 166. We 
can also determine from this testing method where the ground 
returns are located, what amount of current they are carrying 
from the rail, and whether they are properly connected. 

It is often found that outlying ground-return feeders are so 
connected as not to be utilized to their full carrying capacity. 
These connections are often broken by the repair gang, and 
often the load can be brought up on a ground-return feeder by 
more frequent taps to the rail. 

In case of a foreign connection, such as a water pipe, bridge or 
steam track, the exact point of these connections can be located 
by the reversal of or a sudden drop of current on the rail at 
the point of connection. In a rectilinear system of rails, somt* 
lines of rails become the arteries and others tributaries for th(» 
circulation of the current back to the power station. Different 
power stations swap their ground-return current where the over 
head system interfeeds in each other's territory. Some engineers 
consider that the cars have a cross-bonding effect and only em- 
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ploy cross-bonds in the devil strip between tracks. The cross- 
bond afforded by cars is only very slight, and none at all when 
the car is using current. As much as five volts can exist be- 
tween rails while a car is rolling over them, and a recording 
voltmeter between a brush located on each rail will locate the 
cross-bonds equalizing the two tracks, and show where more 
cross-bonds will be effective. Open or defective bonds will 
cause considerable shuttling of current between the rails. 

There are inherent losses in rails due to inductance set up 
against sudden changes in the current demand ; also there is a 
local counter e. m. f. following a car amounting to as much as 
20 volts, depending upou the speed of the car and the amount 
of current it discharges into the rail. 

The bonding record gives all the physical conditions of the 
ground-return circuit, and the electrical resistance of each 
bond. Each mile of record is given a figure of merit, which is 
the percentage of the sum of open and defective bonds, to the 
total number of bonds in a mile. The current density on the 
rail is shown and the resistance of different weights can be 
calculated. Certain resistances of bonds compared with equiv- 
alent length of rail are considered defective; generally any 
bond beyond 12 feet of adjacent rail is defective, and any joint 
greater than 120 milli-volts is shown as open. 



CHAPTER XIII 
THE OFEKATION OF THE MAIN BEFAIB SHOP 

The general design and arrangement of the repair shop have 
been described in a previous chapter. Under the hedd of opera- 
tion there are matters connected with the running of such a 
shop, as applied to the maintenance of equipment, which are 
highly important. The immense repair shops of some of the 
steam roads are run very much in the same manner. Their 
system of shop ordenr, requisitions for material, and method of 
timekeeping, etc., have been reduced to simple forms which 
make it easy to keep suitable records of the cost of maintenance. 
In some shops the piece-work system has been introduced and 
met with success, while many labor-saving devices have aided 
in reducing the cost of repairs to locomotives and cars, per 
mile run, to the point where any noticeable variation from the 
average cost can be traced to its source. 

The master mechanic of a certain large railroad in the Mid- 
dle West introduced the piece-work system in the shop, and 
the men soon went out on strike — a not unusual occurrence for 
such a cause. This master mechanic had found his repair cost 
above the average, and determined to reduce it to the average 
without the intention of trying to outdo other shops. It was 
found that there were between three and four thousand dif- 
ferent repair "jobs" on a locomotive, and the average cost of 
each was listed. It was proposed to the men to accept this 
scale with the understanding that it would not be altered for 
a year, and they could make as much as they pleased by in- 
creasing their efforts, but that a rigid system of inspection of 
their work would be put in operation. At the end of the year 
an amount of money, equal to what had been saved from the 
average cost of repairs, would be distributed among them. 
This proposition was accepted and proved very successful. It 
meant that the cost of repairs for that road was the average, 
the men were making considerably higher wages due to their 
increased eflQciency, and labor troubles entirely disappeared, 

295 
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which was one of the principal objects in the change. It is 
not intended to refer to labor troubles in electric repair shops, 
for happily they are few, but to illustrate how the steam roads 
sometimes handle their shops. Some writer, not long since, 
referred to a difference in the manner in which the men worked 
in a certain steam-road shop, and some electric shops. In the 
former everyone was moving, and all seemed thoroughly fa- 
miliar with their work, while in the latter there was often 
seen a tendency to stop and wonder what to do next. This 
may be true in some cases, but it is not so much due to a differ- 
ence in the quality of the men, as to a lack of electrical knowl- 
edge. They may be good mechanic^, but their work is so inti- 
mately associated with wires, windings and other electrical con- 
ductors, that they are frequently puzzled as to the right course 
to pursue. Those who attend to electrical repairs are seldom 
the kind of mechanics needed on truck repairs. The situation 
is no doubt due to the very recent development of the electric- 
motor car, but the time will come when the men employed in 
the electrical repair shop will be as familiar with the different 
classes of repair work as are those in the locomotive shop. 

In the largest electrical repair shops the piece-work system 
may be practicable, but it requires a very careful study to prop- 
erly adjust the rate. The essential advantage of piece work is 
where duplicate work predominates, as in a manufacturing 
establishment turning out a product consisting of thousands 
of articles all alike. Piece work is easily applied to car build- 
ing, and about all the large car builders employ it in their 
shops. They make it successful because they build a large 
number of cars and trucks which are nearly- duplicates of each 
other. On a road using many cars, especially a double equip- 
ment for summer and winter, there is sure to be a large num- 
ber which are identical, and possibly only three or four varie- 
ties. It is possible, in such a case, to arrange a satisfactory 
piece-work rate for all general repair work, but the. rate should 
never be based on what it costs to do the same work by day 
work, for almost invariably the men can double their former 
wages. This produces double the work at no lower cost. The 
proper rate is between the latter and the day-work cost, but just 
where is difiScult to decide. If the rate is placed too high it is 
necessarv to reduce it, and this alwavs has a bad effect on the 
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morale of the shop. The proper rate is that which enables a 
workman to increase his wages in proportion to his added ac- 
tivity, but only in a reasonable degree, for no man is supposed 
to work so strenuously that he has no reserve power left. The 
greatest evil of the piece-work system is in evidence when it be- 
comes necessary to frequently cut prices in order to keep down 
the wage account, due to the increasing amount of work done. 
This invariably leads to the men placing a limit on their own 
speed, due to the fear of a cut in price if they work too fast. In 
the case of a rush job the effect is bad, and such a condition of 
affairs should never be allowed to exist, though, unfortunately, 
it too often does. What is known as the premium plan is some- 
times successfully used. It is as follows : The men are paid by 
the hour, which is the same as day work, and in addition are 
given a premium, or a certain sum above their regular wages, 
for work done in excess of a certain amount. This system 
might be called the reverse of the piece-work plan, and makes 
it necessary to go as deeply into the cost of work in order to 
determine what constitutes a day's or an hour's work on the 
different repair jobs. 

When a car is taken into the shop for general repairs and 
overhauling, it is first shifted by means of the transfer table to 
the inspection room. Here all removable fixtures of the car 
body, such as seats, window sash, doors, etc., are taken out of 
the car, stored conveniently near by and tagged with the car 
number. This is done at this time principally because it facili- 
tates the thorough inspection to which the car is now subjected, 
in order to determine the exact character of the repairs neces- 
sary. They are afterward sent to the respective departments, 
where they are painted, varnished, or cleaned, as the case may 
be. This method of stripping and inspecting a car has many 
advantages. It places all cars in the hands of a gang of experi- 
enced strippers and inspectors, whose work is chiefly of that 
nature and they become expert at it. It is the regular course 
of procedure in car and locomotive repair work in all steam- 
road repair shops. The general shop foreman receives the re- 
ports of the inspectors, and personally goes over the car, mak- 
ing an estimate of the cost of the labor and material necessary 
to put the car in first-class condition. He then, upon a blank 
form gotten out for the purpose, gives the date the car was 
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last overhauled, with the cost of repairs made at that time, and 
his estimate of the repairs now needed. This is sent to the 
master mechanic for authority to proceed with the work. On 
receipt of the approval, a shop order is issued having a number, 
as well as the number of the car, and all labor done, and ma- 
terial furnished the car, is charged to this order number. When 
work is started, the. car is first taken to the erecting shop, 
where it is jacked up, and the trucks sent to the truck shop. 
Then the different foremen see that the work decided upon is 
done, and they report the material used, with its cost, and the 
labor charge, to the general foreman. Each foreman is fur- 
nished with a description of the work he is to do, as shown in 
the inspector's report. This is also made out on a special 
blank form for the purpose. There are various other blank 
forms used which are very necessary for the systematic opera- 
tion of a shop. One is used between foremen who desire labor 
and material from each other's department. Another, which 
is of great importance, is the requisition for material and sup- 
plies from the general storeroom; also the wheel report, on 
which is recorded the numbers and circumferences of the 
wheels removed and supplied, with the date and cause of 
removal, etc., the wheel record giving the mileage of wheels, 
and the number of times ground or turned down. An armature 
record is also necessary, giving a report of repairs to each 
armature, with its number. 

Unfortunately, at the present time, there is little or no uni- 
formity among the different repair shops in the character of 
these records. At present each shop has a system of its own, 
which seems best fitted to the requirements, but the systems are 
so widely diversified that intelligent comparisons are well-nigh 
impossible. This renders it useless for the different electric 
roads to attempt to establish an average cost of repair work, 
with any degree of accuracy, as do steam roads. A good start 
was made to establish a uniform system of "Blanks for Shop 
Records and Accounts" in a report submitted at the St. Louis 
Convention, in 1904, by a joint committee of the American 
Railway Mechanical and Electrical Association and the Street 
Railway Accountants' Association. Although the report of 
this committee was never adopted by the Association, it was 
accepted and the committee continued. 
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Mr. Richard McCulloch, formerly manager of the Chicago 
City Railway, in a paper before the American Street Railway 
Association, gives some very interesting figures on the cost of 
repair work while operating about 500 motor cars. Among 
these figures is given the cost of dismounting, inspecting, clean- 
ing, and overhauling the trucks, motors and electrical equip- 
ment of double truck, four-motor cars as f 8.00 and of single 
truck, two-motor cars, |4.00. The average maintenance of 
one car per annum is |187.00 and per car mile |0.0054. 
Average cost of car painting per car, per year, f 25.69, which 
represents touching up and revarnishing chiefly. The cost of 
performing various operations follows. 

Machine Shoi>— Ck>Bt of Performing Various OperationB. 

Labor in turning axle, cutting key-way, boring wheels and pressing wheels 
on axle. 

(a) SO-inch wheels fitted on 4-inch axle for No. 49 Westinghouse motor. 

Turning axle. 2^ hours at 25 cents $ .63 

Cutting key-way, i hour at 80 cents 16 

Boring and fitting wheels, i hour at 88 cents 16 

Pressing on wheels, i hour at 20 cents 10 

Total Cost $1.04 

(b) 88-inch wheels fitted on 4^-1 nch axle for G. E. 67 motor. 

Turning axle, ^ hours at 25 cents $ .88 

Cutting key-way, i hour at 80 cents 15 

Boring and fitting wheels, i hour at 88 cen£s 16 

Pressing on wheels, i hour at 20 cents 10 

Total cost $ 1.29 

Cost of trolley wheels. — Material. 

100 brass castings, 8 pounds at 15 cent.*; $45.00 

100 graphite bushings at 10 cents .' 10.00 

Labor. 

Boring and facing 100 wheels, 4 hours at 80 cents 1.20 

Turning 100 wheels, 2 hours at 80 cents 60 

Pressing in bushings, 1 hour at 15 cents .15 

■ 

Total coist of 100 wheels $56.95 

Cost per wheel 57 

Re-bushing and turning old wheels. — Material. 
100 bushings at 10 cents $10.00 

Labor. 

Pressing out old bushings, 1 hour at 15 cents 15 

Pressing in new bushings, 1 hour at 15 cents 15 

Turning, 2 hours at 80 cents 60 

Total cost for 100 wheels $10.90 

Cost per wheel " 11 
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Eleotrioal Bepair Department— Cost of Performing Various 

Operations. 

Note — These estimates are based on the following cost prices : 

No. 4 d. c. c. magnet wire, 15} cents per pound. 

No. 5 and No. 6 d. c. c magnet wire, 16 cents per pound. 

No. 6 square d. c. c. magnet wire, 31^ cents per pound. 

No. 7 d. c. c. magnet wire, 17 cents per pound. 

No. 0.220 asbestos covered wire, 10 cents per pound. 

No. d. c. c. magnet wire, 18 cents per pound. 

No. 10 d. c. c. magnet wire, 18 cents per pound. 

No. 11 d. c. c. magnet wire, 18| cents per pound. 

Scrap magnet wire for re-insulaiing. 10 cents per pound. 

Commutator bars, 22 cents per pound. 

Amber mica, 95 cents and $2 per ix>und, according to size. 

Labor Material Total 

Rewinding No. 12 Westinghouse armature $5.00 $12.73 $17.78 

Rewinding No. 49 Westinghouse armature 5 80 14 81 19.61 

Rewinding No. 8 Westinghouse armature 6.46 18.75 20.21 

Rewinding G. E. 800 armature 11.67 18 27 29.84 

Rewinding G. E. 67 armature 6.71 18.60 25.81 

Rewinding No. 5 Walker armature 7.89 16.09 28.98 

Manufacturing one No. 12 Westinghouse field 

coil (new wire) 0.95 8.17 9.12 

Manufacturing one No. 12 Westinghouse field 

coil (old wire re-taped) 1.19 6.94 8.18 

Manufacturing one G. E. 67 field coil (new wire) 0.79 10.07 10.86 

Manufacturing one G. E. 67 field coil (old ' 

wire re-taped) 1.12 6.78 7.90 

Manufacturing one No. 12A Westinghouse field 

coil (new wire) 0.88 12 81 18.69 

Manufacturing one No. 12 A Westinghouse field 

coil (old wire re-taped) 1.47 7.95 9.42 

Manufacturing one No. 8 Westinghouse field 

coil (new wire) 0.97 8.68 9.60 

Manufacturing one No. 8 Westinghouse field 

coil (old wire re-taped) 1.47 6.95 8.42 

Manufacturing one No. 5 Walker field coil 

(new wire) 0.86 9.15 10.01 

Manufacturing one No. 6 Walker field coil 

(old wire re-taped) 1.10 7.82 8.92 

Manufacturing one No. 49 Westinghouse field 

coil (new wire) 0.86 8.10 8.96 

Manufacturing one No. 49 Westinghouse field 

coil (old wire re-taped) 1.19 6.64 7.88 

Manufacturing one G. E. 800 field coil (new 

wire) 1.08 11.70 12.78 

Manufacturing one G. E. 800 field coil (old 

wire re-taped) 1.45 9.85 11.80 
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Labor 

Manufacturing No. 12 Westinghouse commu- 
tator $1.61 

Manufacturing No. 12A Westinghouse commu- 
tator 1.69 

Manufacturing G. E. 800 commutator 1.59 

Manufacturing No. 6 Walker commutator 1.61 

Manufacturing No. 8 Westinghouse commu- 
tator : 1.51 

Manufacturing No. 49 Westinghouse commu- 
tator 1.72 

Details of winding G. E. 67 armature— Material. 

65 pounds No. 9 magnet wire at 18 cents $11.70 

6 square feet No. 20 manila paper 0.04 

45 yards No. 4 sleeving 0.82 

234 yards f-inch linen tape 0.94 

8 pounds No. 16 band wire . 0.58 

li i)ounds solder 0.25 

4 square feet fiber 0.11 

2 pounds India mica 1.76 

li pounds |-inch friction tape 0.86 

2 pounds li-inch friction tape 0.49 

li square yards drilling 0.11 

8 quarts voltalac 1.12 

3 square yards No. 10 empire cloth 0.78 

^ pound glue 0.04 

Labor— 

Winding armature coils, 21 hours at 0.175 cent 0.44 

Gluiogarmaturecoils, 6hourBat 20 cents 1.20 

Taping armature coils, 21 hours at 15 cents 0.87 

Gutting, tinning, dipping coils, 8 hours at 17 cents *. 0.51 

Stripping, rewinding, soldering armature, 12 hours at 0.275 cent 8.80 

Turning commutator, 1 hour at 0.275 cent 0.14 

Banding armature, 5 hours at 15 cents 0.75 

Total cost of rewinding armature $25.81 

Details of winding G E. 67 field coil— Material. 

48 pounds 0.220 asbestos covered wire at 19 cents $9.12 

1 square yard No. 10 empire cloth 0.26 

li square yards sheetitig 0.10 

H pounds friction tape 0.87 

I pint Monarch insulating paint 0.15 

II square feet No 20 manila paper 0.01 

.1 pint P. & B. paint 0.06 

Labor — 

Winding coil, 1 hour at 171 cents 0.17 

Insulating, 21 hours at 271 cents 0.62 

Total cost of field coil $10 86 
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The wages paid in this shop are as follows : 

1902 1003 

Cents per hour Cents per hoar 

Machinists 27^ 30 80 83 

Machinists' helpers 17i 20 20 22i 26 

Blacksmiths 27i 31f 30 33 

Blacksmiths* helpers 19| 22 

Brass molders 25 80 25 80 

Armature winders 25 27i 38 25 27^ 88 

Electrical helpers 10 15 18 10 15 18 

Tinners 26i 27i 26i 27^ 

Harness makers 25 25 

Wood mill workers 20 25 27i 20 25 27i 

Cabinet makers 25 27i 25 27i 

Car washers (paint shop) 17^ 17^ 

Rough painters (paint shop) 20 22^ 20 22^ 

Varnlshers and finishers 25 25 

Stripers and letterers 27i 27i 

Bate per day of 10 hoars 
1908 1908 

Car house repairers $1.75 2.00 2.25 $1.92i 2.20 2.47i 

Shop Kinks 

This title, while it cannot be found in a standard dictionary^ 
has nevertheless been in use for many years by men employed 
in the mechanical trades. Briefly it means new, unusual and 
simplified methods of doing certain work common to a num- 
ber of shops. Master mechanics and others are continually 
devising means for conducting certain work at less cost of labor 
by utilizing various new tools and jigs. Such methods can 
only be discovered by continued and careful study of the con- 
ditions surrounding the work in each shop. It is not the in- 
tention to suggest any new "kinks" here, but to describe and 
illustrate a few which have been put into use during the past 
few years, relating only to methods employed in electric-rail- 
way repair shops and car houses. 

For facilitating the movement of cars or motor trucks from 
one department to another about a shop, in connection with the 
transfer table, some shops locate a controller and rheostat in a 
central position near the table, and by means of long leads 
utilize the motors themselves to move their own trucks or cars 
to and from the table. Others use a motor truck fitted up like 
a small locomotive with a controller, which receives current 
from a contact rail imbedded 2 inches or 3 inches deep in the 
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concrete floor, by means of a small shoe. This runs in the 
slot about two inches wide in the floor, and the contact rail is 
thus protected, it being only necessary to sweep out the slot 
should dirt collect in it. This method is of great utility in 
moving cars or trucks about. 

That armature shafts at the bearing fit will be of various 
sizes is inevitable, and in rebabbitting a bearing the boring in 
a lathe, or scraping to the fit, can be avoided by keeping in 
stock a number of well-made mandrels, or arbors, each slightly 
different in size. If the mandrel nearest in size to the shaft 
to be fitted is used, and the babbitt well poured, a fit will gen- 
erally be obtained which seldom requires scraping. This 
method is a great saver of labor. 

Where many duplicate repair parts are required on trucks, 
motors or controllers, interchangeability is of prime import- 
ance. When it is economy for the railway to manufacture 
these parts for themselves, as is often the case, many of the 
methods of the original manufacturer could be followed with 
profit. This means that all machine work done on raw ma- 
terial, as castings, rods, levers, or hangers, should be carried 
out with the aid of standard jigs or templates. The drilling or 
finishing of a piece, destined to replace another which has worn 
out, without a jig or other guide, requires the closest meas- 
urement, and the labor of a skilled machinist. The employ- 
ment of a jig depends upon the number of such parts required 
in a given time, as the cost of the jig is often considerable, and 
must be weighed against the cost of the skilled labor. Its great 
advantage is the certainty that parts will interchange without 
refitting, and that unskilled labor may be employed in their 
manufacture. 

Fig. 167 illustrates one manner of building a jig for drilling 
brake hangers. One end of the hanger is centered by hand 
and drilled in the ordinary way. The hanger is then placed 
in the jig and the pin dropped through the drilled end. The 
other end is then brought under the drill, clamped in position, 
and the drill, guided by a steel bushing, bores the other end. 
It can be easily seen that any number of hangers drilled in this 
manner will have the distance, center to center of holes, abso- 
lutely alike. The other holes in the jig for the pin are for use 
with hangers of different lengths. In the manufacture of small 
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pieces from sheet metal, as controller floger springs, an oppor- 
tunity is often found for the use of puucbea aud dies, and when 
such articles are needed in quantities their cost may be greatly 
reduced. Bpecial chucks and jigs for turning and drilling 
controller cylinder rings may also be used to advantage. It 
may not be fully understood, on small roads at least, that an 
old, worn-out controller can be rebuilt and made as good as 
new, at small cost, and usually without ordering the new parts 
from the manufacturer. 
The swing links supporting the bolster of a truck carry the 



Fia. 167.— Jig for Drilling Brake Hangers. 

weight of the car body, and while the strain is wholly tension, 
the wear on the piu boles in the ends is considerable. Instead 
of replacing them with new links the plan employed in Fig. 168 
has been used with success. The sketch explains itself. The 
holes are originally drilled large enough to take a hardened 
steed bushing, the inside diameter of which is the proper size 
for the pin. The bushing will last much longer than the hole 
without it, and wheu it does wear a new bushing is easily 
substituted. 

Bome roads make their own trolley wheels, but this is a case 
where the market price should be carefully considered, for com- 
petition has brought the price down so tbat few roads can make 
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them any cheaper. Opinions differ as to the best mixture, but 
manufacturers have made many experiments which it would 
be a waste of time to repeat. As recently pointed out, the 
turning up of a trolley wheel so that it is in perfect balance 
has the effect of greatly prolonging its mileage. 

Most roads rebuild their own commutators, which nearly 
always reduces the expense. In this work the most important 
special tool is a chuck for assembling and holding the seg- 
ments in their proper form so that the interior can be turned 
and the permanent clamping shell fitted in place and insu- 
lated. A number of commutator jigs are in use, and one of 
the best consists of a heavy solid-steel ring with rows of in- 
wardly projecting set screws. These set screws bear on an in- 
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Fig. 168.— Method of Using Replaceable Hardened Bushings in Bolt Holes 

of Swing Links. 



ner expandable ring or chuck consisting of a number of steel 
segments which interlock with each other around the circle 
through tongues and grooves. This binds the commutator 
tightly and holds each segment in place. 

After the commutator bars are set up, the chuck containing 
them is placed on a hot table, or in an oven, and thoroughly 
heated through, and the set screws are again set up tight. 
This forces out all the plastic material used in the insulation, 
and after the commutator has been turned for the end rings 
it can be taken out of the chuck or jig and the assembled com- 
mutator will ring when tapped with a hammer. This precau- 
tion will tend to prevent the bars working high when heated 
in operation. 

The rewinding of fields and armatures is carried on by all 



OPERATION OF THE MAIN REPAIR SHOP 307 

roada except the Bmallest. A reduction in maintenanoe ex- 
pense is sure to result where the best facilities, and experienced 
men, are provided for carrying out this work. Winding should 
always be done in a room by itself, which is kept clean, and 
never in a corner of the machine shop where it would be ev- 
posed to metallic dust, and where such dirt could soil the 
hands of the men. The wire of burned-out field coils is some- 
times cleaned of the old insulation and reinsulated by taping 
machines. Opinions differ as to the advisability of this, for tbc 



Fw. 188.— Coll Winding Macliints, 

rewound fields nearly always show a higher resistance than 
the standard, due, in part, to the stretching and annealing the 
wire has undergone, which reduces its diameter. The use of 
such field coils, paired with those of standard resistance, has 
caused trouble, sometimes of considerable extent, by the un- 
balancing effect between motors under the same car. 

Fig. 169 is a view of a winding room, showing field-coil wind- 
ing machines in the foreground. These machines drive the 
form holding the coil by means of a worm shaft and gear, and 
are started and stopped by a foot lever. Armature coils wound 
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on the usual forms should be kept in stock for the various 
Btyles of armatures in use. 

When armature eoils are to be removed for renewal of defect- 
ive coils and their insulation is brittle, the latter can be 
softened by immersing the entire armature in a tank of raw 
linseed oil for several hoars. The armature can be lowered 
into the oil, piuion end down, by a tackle and then raised and 



Kic. i70.— Tuiw Wiiidtr. 

allowed to draiu. The coils can then be bent as if new, as 
this I'endera the insulation very pliable. 

The labor of rewinding tape on armature coils by hand can 
be greatly reduced by a power winder. Several shops have 
their own designs for these taj)e winders. Fig. 170 shows the 
general form in use, the principle of which is to introduce the 
coil inside a revolving ring on which is mounted the roll ot 
tape, and the latter is carried around the coil to be taped by the 
machiue. With experience 20 armature coils can be double- 
taped per hour with this machine. 

Fig. 171 shows a home-made tool for handling a pair of 
wheels on the axle. It is universally used in all steam-road 
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Bhops and should be fonud in all electric-car shops. Being 
made of hard wood it is easily constructed. The distance from 
the step to the lower end is such as to lift the wheel from I 
to J inch oft the floor. 

When it is not desirable in car washing to allow the water 
to run on the ground or floor, the use of two troughs and the tub 
shown in Fig. 172 is an ingenious way to avoid it. 

For certain testing purposes the usual portable lamp bank, 
consisting of five lamps in series, mounted in wall sockets on a 



Pio. 171.— Home-made Tool for Handling Pair of Wheels on the iile. 

board can be improved upon. The constant breakage of the 
lamps causes a considerable loss of time and e^spense in re- 
placing them. The idea seen in Fig. 173 is much better. Two 
300-volt lamps in series mounted in a wooden frame wide 
enough to protect the lampB if it lies flat on the floor. Wire 
netting on each side would be a further protection. 

Car circuit-breakers are seldom tested as often as they 
should be, to be kept in good operative condition. One reason 
for it is that there are no simple methods provided for making 
the tests in the car house. Ordinarily one would open the cir- 
cuit at the breaker and insert an ammeter ; then set the brakes 
tight and open the controller until the required current flowed ; 
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if the breaker does not open it should be opened by hand and 
adjusted for a smaller current This method, while sometimes 
used, is not recommended on account of the strain on the ap- 
paratus, which gets enough of such treatment in service with- 
out repeating it in the tests. 

Fig. 174 shows a simple arrangement for making such tests, 
Tvhich eliminates all danger to apparatus. A water rheostat 




Fig. 172.— Car Washing Outfit. 

is easily constructed of an oil barrel which is nearly filled with 
salt water. An iron plate or an old casting is attached to a 
wire connected to the trolley wire or feeder and arranged in 
some simple manner, as a rope and a pulley, so that the casting 
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Fig. 178. — Portable Lamp Bank. 

can be lowered into and lifted from the water in the barrel. 
Another wire has a piece of metal attached which is allowed 
to lie in the water at the bottom of the barrel. This 
wire passes through an ammeter, or its shunt, and thence 
to the trolley pole of the car to be tested. The trolley wheel 
must not be in contact with the main trolley wire, but can be 
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placed am shown on a short piece of false trolley wire to which 
the test wire is cooDected. The car wiring and motors should 
be shunted by a short "jumper" wire with a small copper plate 
soldered to each end. These plates are placed between the 
top and bottom fingers of the controller and the segments. A 
second circuit-breaker may be placed in tbe test circuit as 




Fio. 174. — CoDDectloDB for Testing Circuit Breakers. 

shown at "C," for precaution, if desired. Any current wanted 
can now be obtained by lowering the top, or positive, plate into 
the water. With this outfit set up in a convenient place in the 
shop, or car honse, a breaker can be tested in a very few 
minutes. 
Armatures are not very convenient things to move about a 



Fia. 176.— Two Forms o( Armature Trucks. 

shop for they are not only heavy, but care must be used to pro- 
tect the winding and commutator from contact with other ob- 
jects. It is bardly safe to handle them, except by means of the 
ohaft. To this end several styles of armature trucks have been 
devised, and are in use in various shops. These may be divided 
into two classes: those in which the armature has to be lifted 
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up and placed by hand, and those which are self-loading, or 
which pick up the armature from the floor and carry it by the 
shaft. Fig. 175 shows two forms of armature trucks. The one 
on the left is adapted to pick up an armature by the shaft on 
lifting the handles almost to a vertical position, after the man- 
ner of an ordinary hand truck used for freight. 

Fig. 176 illustrates another type which is designed to pick up 
the armature. The sketch shows its construction and method 
of handling clearly. The gauge or distance between the wheels 
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Pig. 176.— Armature Truck Designed to Pick up the Armature. 

is 20 inches. Several modified forms of this truck are in use. 
The most common form has an axle with an upward arch, thus 
allowing the use of wheels much smaller in diameter. In this 
form the handle is forked and solidly attached to the axle 
each side. The carrying bar is in the center above the axle 
and attached to it, while the rear end of the bar is attached to 
the handle where it forks. The two hooks are adjusted, and of 
the proper length, so that by tipping the truck one way one hook 
can be placed about the armature shaft, and by reversing the 
other hook can be placed. 

The home-made derrick car, an outline of which is seen in 
Fig. 177, will be found to be of great convenience in handling 
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special work or heavy freight belonging to the company, if no 
better facilities have been provided. It may be operated by a 
suitable windlass driven either by hand or a motor. All the 
mechanical details are not shown but are easily worked out. 
The bottom of the boom is attached to a loose ring on the mast. 
This ring should be heavy and made of wrought iron. Two 
pins or trunnions on opposite sides might be screwed into the 
ring to take the fork on the boom. This fork could be welded 
into the end of the boom. The cap on top of the mast carrying 




Fig. 177.— Home-made Car Derrick. 



the guide pulley and the hook for holding the block and fall 
could be made to fit over the top of the mast and should rotate 
about it. The cap at the bottom of the mast, carrying the 
lower guide pulley and braces for the mast, is stationary. The 
ring for carrying the hooks at the outer end of the boom should 
be formed on the end of a wrought-iron rod which is welded in 
the end of the boom. The mast and boom are made of extra 
heavy wrought-iron pipe. The mast should be firmly braced 
both beneath the car and by a heavy cast-iron base plate on the 
floor, as shown. 

The operation of unloading new cars from railroad flat cars 
is often attended with inconvenience and unnecessary expense. 
In the majority of cases it is accomplished by some makeshift 
devices accompanied by danger of damage to the car. If the 



314 AMERICAN ELECTRIC RAILWAY PRACTICE 

steam road has a connecting track into the shop yard of the 
electric road the following simple apparatus can be erected on 
the property of the company and becomes a permanent fixture. 
If it can be erected temporarily on the property of the steam 
road or others, it should soon pay for itself, as it is said to cost 
less than $100.00. 

It consists of four upright posts, 12 inches by 12 inches, 
placed two on each side of the track, with sufScient side clear- 
ance to pass all steam railroad cars. The posts are about 18 
feet high, and a 12-inch I-beam 20 to 25 feet long is framed into 
the top of each pair of posts, parallel to the track. The posts 
are tied together across the track at the tops by means of tie 
rods inclosed in pipe thimbles or spacers. These pipes are also 
fastened to the posts by flanges and lag screws. On each 
I-beam there are two 4-ton chain hoists which are suspended 
from rollers by a U-iron. The connection between the lower 
hook of the hoist and the truck consists of a flat bar of fron, 
1 inch X 4 inches, bent into the form of a square hook, to fit the 
side of the truck, with an eye at the upper end. Of course the 
strength of the whole apparatus must be proportioned to the 
weight of the cars to be handled. 

One road using this apparatus in unloading a large number 
of cars, with a gang of six men, found the average time re- 
quired to unload a car was but 10 minutes, and this included 
the removal of both the motor car and the flat car, leaving the 
space clear for the next. 

At times it is necessary to cut circular holes about 
10 inches diameter through sheet-steel dashes for head- 
lights. This is a somewhat difficult operation if a spe- 
cial tool for the purpose is not at hand. Such a tool has 
been made as follows : A wrought-iron forging about 2 inches 
square and 12 inches long is arranged to carry near its ends two 
small cutting wheels similar to those in a pipe-cutter. Mid- 
way between the wheels the forging is carried on a spindle 
J inch diameter threaded at both ends and with a collar ^ inch 
thick and 2^ inches diameter in the center. Extension pieces 
are bolted to each end of the forging to be used as handles to 
turn it. A circular iron plate or washer f inch thick and 12 
inches diameter with a f-inch hole in the center is arranged 
to fit over the opposite end of the spindle, which is turned and 
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threaded f inch at this end. A nut is used on each end of the 
spindle, one of which holds the forging firmly against the col- 
lar, and the other is back of the large washer. 

In using the tool a fj-inch hole is drilled through the dash 
in the center of the proposed headlight opening, the spindle is 
introduced from the outside and the washer held against the in- 
side by the nut. The forging carrying the cutting wheels is 
then turned by hand and the nut on the washer gradually set 
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Fig. 178— Jim Crow Bar for Straightening Trolley Pole. 



up to feed the cutters. A dasher of No. 12 steel can be cut 
for a 10-inch headlight with this tool in about eight minutes. 

A small, light Jim Crow, which is simply a miniature copy 
of those used in bending rails, is often of value among the tools 
of a shop or car house. Its special use is in straightening trol- 
ley poles and bent stanchions. It is easily carried to the top 
of a car and used without removing the pole. Fig. 178 shows in 
detail the construction of such a tool as used by a certain 
road. 

The handling of wheels, which includes the removal of an old 
pair and replacing them, with a new set under a car, is often a 
process occupying several hours in a car house, or small shop. 
Ordinarily the car is jacked up and, if a double-truck car, the 
truck is run out and the work done from above with the aid 
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of a cliain hoist or a crane. Figs. 179 and ISO are sketcbes of 
the apparatus for handling wheels employed on one road, and 



Fio. 17B.— Wlieel Elevator. 

sabstantially the same arrangements, with slight modifications, 
are in use on a large nnmtier of roads. Pig. 179 shows one side 



Fio. 180. — Wliecl Handling Apparatus. 

of a wheel elevator. A short section of the track is attached 
to a casting through which passes a vertical screw. The cast- 
ing acts as a nut on this screw and moves up and down, guided 
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b; the npright posts shown. An electric motor in the pit 
drives both screws, through a connecting shaft with bevel gears 
on each end. 

The pair of wheels to be removed are run on the short section 
of rail, and after truck and motors are blocked the wheels 
are lowered into the pit, where they are received by a small 
track or transfer table and removed to one side. The new pair 
of wheels are similarly brought up and raised into place in the 
tmck. This whole operation has been performed and the car 
ready for service in forty minutes. 

Fig. 180 shows other methods of lifting and transporting 
wheels from the pit with the aid of a compressed-air boist. 

Armature stands or holders for winding armatures are usu- 



PiQ. 181.— Armature Stand. 

ally the ordinary X horse in which the ends of the shaft are 
held in the crotches, with the addition of a tray or shelf for 
tools. Fig. ISl shows a stand designed by one road, which is a 
considerable improvement over others in use. 

One support is adjustable to suit different lengths of shafts. 

A center support is provided which is adjustable vertically, and 

serves to take the weight of the armature when the commutator 

is removed or applied. A pair of hooks can engage the pinion 

' when the commutator has to be turned or twisted on the shaft. 

When a car is completely disabled so that it cannot be hauled 
in, due to an accident to the trucks, as a broken wheel or 
axle, it is sometimes difBeult to decide on what is the quickest 
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way to do it, especially when proper wrecking tools, or an extra 
truck, af e not close at hand. Fig. 182 shows a wrecking plank 
used by one road for this purpose. A is an oak plank 3 
inches by 14 inches by 7 feet 3 inches. Two pieces of old steel 
tires, C, properly recessed on the inside to fit the plank, are 
bolted to it as shown. The top blocks, B, vary in thickness, 
depending on the height of the truck frame above the rail. 
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Pig. 182.— Wrecking Plank. 

The board D, which carries the motor, if on a broken axle, also 
varies in thickness. The plank A should be sheathed with 
sheet iron on the under side, as it is but 2| inches above the 
rail, and may strike crossings in some localities. With a good 
motor car for towing, this wrecking plant, with a pair of jacks, 
will make short work of a disabled car, the good motors of 
which may be used to help move it. 



CHAPTER XIV 
MAINTENANCE OF EQUIPMENT 

Repairs 

For the successful and economical maintenance of the cars 
of any railroad system there are three fundamental conditions 
necessary : 

First : Proper facilities for doing the work. 

Second: A systematic organization. 

Third : The careful education of the men handling the equip- 
ment in service and the earnest co-operation of the entire oper- 
ating department. 

There will be a difference of opinion among mechanical men 
as to just what are proper facilities, when they are limited by 
the amount of the appropriation for their purchase. Gener- 
ally speaking all will agree that there cannot be too many tools 
and special labor-saving devices furnished, providing said de- 
vices can be kept reasonably busy. 

The motive-power department of a steam road was once re- 
quested by a shop foreman to purchase an additional lathe for 
turning driving wheel tires, an expensive piece of machinery. 
He was at once requested to submit an estimate, derived from 
previous records of work, of how many hours per day this lathe 
would be idle, if any. This principle shows that the purchase 
of special devices should be carefully considered in the light of 
the probable amount of use they would get as affecting the cost 
of their particular class of work. Certain classes of tools are 
always necessary, but the purchase of others depends on the 
size of the road, and in consequence the amount of work to be 
done, as against the cost of having this work done outside. 
Usually the latter question is of more importance to small 
roads than to those of average size or larger. 

A road of average size may have two or three operating car 
houses and a main repair shop which may be close to one of 
these. A tendency has been noticed of late years toward the 

810 
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practice of doing as little repair work as possible in the car 
houses, and sending a car to the repair shop on the slightest 
pretext, often to have work done which requires only abont two 
or three hours, and the labor of perhaps two men. The theory 
supporting this method is, that it is better to have all mechan- 
ics, and repair facilities, in one spot, then lower priced labor 
may be used in the car houses; the work done in the latter 
being merely sweeping, cleaning, oiling, inspecting and renew- 
ing brushes and trolley wheels. In short, the doing of any 
work in the car houses which requires machine tools is discour- 
aged. The result usually is, that the repair shop \b often 
overcrowded with cars requiring short repairs, such as the re- 
newal of field coils or armatures, and seriously retarding the 
work of general repairs, which must go on steadily the year 
round. It also frequently results in a car house being tempo- 
rarily short of cars to supply the service assigned to that house. 
More recently opinions are changing regarding the system of 
repair work, and methods followed by steam roads in the 
repairs to rolling stock are advocated. ' 

Their methods are well known. The so-called minor repairs, 
or running repairs, are done by a force of mechanics in the 
various round houses, and on the ^'rip tracks" in railroad 
yards. Then, at stated intervals, or when considered necessary 
by the division master mechanic, the locomotives and cars are 
sent to the "back shop," or main repair shop, where they re- 
ceive general repairs, which is a thorough overhauling. This 
method, in which the minor light repairs necessary to keep a 
car in service are done at the car houses, is the best for the 
average electric road. There may be, of course, a difference 
of opinion as to where to draw the line between minor and gen- 
eral repairs, and there are some repair jobs where it will be 
necessary to send a car to the main repair shop which does not 
require a general overhauling. 

The various classes of work done at car houses should in- 
clude the following: Inspection and cleaning of electric equip- 
ment ; adjustment and overhauling of brakes ; renewal of wheels 
and truck parts ; minor repairs to car bodies, such as replace- 
ment of broken windows and car fittings; minor repairs to 
electrical equipment, such as the renewal of motor bearings and 
brushes, and the substitution of new armatures and field coils 



MAINTENANCE OF EQUIPMENT 321 

for those damaged; the renewal of gears, pinions, controller 
parts, trolley bases, poles and wheels and repairs to car wiring. 
This does not include such work as rewinding armatures and 
fields, pressing wheels on or off axles, grinding or turning wheel 
tires, or work of that character. Such work as must be done 
on a car which has been in collision or derailed is general 
repair work and should be confined to the main shop. 

While it is true that all repair work must be charged to 
maintenance, it is sometimes the custom to keep the accounts 
of car-house repair work separate from those of the main shop, 
and this is a good plan, for it gives an opportunity to get at the 
cost of running repairs of each individual car, and in compar- 
ing these costs with mileage, and other records of the car, an 
idea can be formed of the performance of different classes of 
equipment — information which is most valuable. It may not 
be advisable to go too heavily into clerk hire, but as each car 
house should have a storekeeper who gets all his supplies from 
the main shop, he should be able in most cases to keep records 
of costs, if not of mileage, for the latter is generally attended to 
in the main office. 

The by far most important work in a car house, which affects 
the cost of maintenance, is inspection. The theory of rigid in- 
spection is to discover all faults in the mechanism of a car 
which are developing, before they have appeared as a break- 
down, and correct them at once. In other words, it is looking 
for trouble where perhaps it does not exist at the time, but is 
always imminent. Some people say, why worry over the 
breaking down of this or that piece of apparatus, before it has 
happened? Why not wait calmly for it to break and then re- 
pair it? That is not good practice, for it always costs less to 
prevent an accident to a machine than it does to repair it. Ex- 
treme vigilance always results in a low cost of maintenance. 
Necessarily nearly all car-house inspection work must be done 
during a few hours at night, when the cars are in the house. 
At the same time they must be swept and windows cleaned. 
It has been claimed that night work, as regards inspection, 
does not attract good and efficient men. The only answer to 
that is: Make it attractive by increasing the pay, for it is 
cheaper in the end. The work does not consist of inspection 
only, but of also making many light repairs, such as setting up 
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loose nuts, renewing lost bolts, worn-out controller fingers, 
trolley wheels, motor brushes and oiling bearings. But all work 
which requires so much time that the required number of cars 
could not be inspected, should be reported to the day force for 
their attention ; as most of the work must be done by day, hold- 
ing in the house such cars as require it. A good plan is to 
have each inspector, or pair of inspectors, as the case may be, 
turn in a report to their foreman giving the work done on 
each car, with its number. Then if the car comes "back on 
them," as they say, it can generally be found whether the break 
was due to their negligence or that it could not well be fore- 
seen. This has the effect of making men more careful, and 
thus increases the efficiency of the organization. In any event 
the work should not be done in a haphazard way, but systemat- 
ically, and the aid of the operating department can be made of 
great value. 

The car crew should be carefully instructed in the purpose 
and operation of each piece of mechanism under their charge. 
The information should be given through an instructor, or a 
book of questions and answers, or both, as is the practice on 
steam roads. Examinations might be held periodically, and 
they should arouse the interest of the men, and at the same 
time give an idea of their individual efficiency. About the 
best plan is to require them, more especially the motormen, 
to serve a few weeks in the car houses, on both day and night 
work. This gives the men knowledge of what usually happens 
to a car, and what is done to repair it. They are then able, in 
most cases, to give an intelligent report of accidents to their 
car. Unfortunately this training of the men in the car houses 
is not always possible for several reasons; some roads think 
they should work without pay; but generally the demand 
for good motormen is in excess of the supply, and there is not 
time to put them through this training. A man who has re- 
ceived some instruction usually becomes interested in the 
mechanism, handles his car carefully, knows whether the car is 
running properly by the "feel," and frequently does a little in- 
specting on his own hook during "lay overs" at the ends of his 
run. All motormen should be provided with a set of blanks, on 
which is a printed list of the usual troubles. When any- 
thing is wrong with the car which needs attention, he 
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marks the blank opposite the name of the trouble, and 
signs his name, with the car number, and time of giving 
up the car. If there is no trouble that he is aware of, he 
marks it O. K. and signs as before/ If the inspectors find 
trouble on a car marked O. K. which the motorman should 
have noticed, it is reported, and he is questioned about it. If 
the men of the mechanical and operating departments are in 
perfect accord such a system works greatly to the benefit of the 
company. • i 

On some large interurban systems tHe education of the motor- 
man in the making of light road repairs is insisted upon, and 
each is provided with a small box containing a few necessary 
tools and supplies, such as a hammer, a wrench, a pair of cut- 
ting pliers, a roll of tape, an extra trolley wheel, and a few 
carbon motor brushes. This tool box is frequently made a part 
of the equipment of the car and the men have keys for it. In 
some cases the box is issued to each motorman, who takes 
it with him when he is relieved, and is held responsible for it. 
The men are also supplied with copies of a drawing showing the 
plan of the car wiring in its simplest form, and they are espe- 
cially instructed on the controller and motor connections, 
and the use of the cut-out switches, so that in case of trouble 
they can readily find which motor is causing it. In this con- 
nection it is important to mark, in some convenient place, as 
inside the vestibule or dash, near the controller, the end num- 
ber corresponding to the connections; that is, which is No. 1 
end and No. 2 end. It is astonishing how many small troubles 
which occur on the road can be effectually remedied. The re- 
connection of a motor lead, the taping up of a spot where 
insulation has chafed through and grounded a lead, the re- 
attachment of a ground wire, or the adjustment of some con- 
troller fingers, are among those troubles which seriously inter- 
rupt the operation of the car, and yet are exceedingly simple to 
repair. Fortunately as time goes on, improvements in car wir- 
ing are steadily being made, and the number of these small ac- 
cidents to the equipment is rapidly growing less. In city serv- 
ice, the practice of educating the motorman in the details of 
repair work has sometimes been found to obstruct traffic, on 
account of the motorman's attempts to make repairs on the 
road when the car should be hauled in. The education of the 
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motorman in running the car is of equal, if not greater im- 
portance, than his ability to make light repairs. It is a fact 
that the manner in which a car is handled has a marked bear- 
ing on the cost of maintenance. A man, either through igno- 
rance, or carelessness, may cause trouble to develop on a car 
very easily. Throwing on the controller too rapidly, running 
on resistance points, trying to start without releasing the 
brake, unnecessarily or improperly reversing, or failing to cut 
out a defective motor, are examples of what the badly educated 
motorman may do. Cases are not infrequent where a man 
has the same car nearly every day, who always turns in the car 
in good condition, and yet his relief frequently has trouble with 
the same car, and lack of instruction is evident by the word 
"grounded" being used in his report as covering all electrical 
troubles. There will always be a difference in men in any busi- 
ness. If the inspectors of the operating department will no- 
tice, and report to the superintendent any improper handling, 
or carelessness, an improvement in service and a reduction in 
cost of maintenance will result. But where the inspectors are 
careless or not sufficiently intelligent, bad practices are devel- 
oped until the economical operation of the road is seriously 
affected. 

A general foreman of wide experience in maintenance of 
rolling stock has said: "One of the most important factors 
we have to deal with in this problem is the education of 
electrical inspectors and repair men. I am of the opinion 
that sufficient attention has not been given to obtaining, 
instructing and retaining in the service competent men, and 
when we consider that about two-thirds of the cost of main- 
tenance is chargeable to labor account, it certainly seems 
that too much attention cannot be given this point. Greater 
inducements should be offered to attract capable and reliable 
men to the service. It is not merely a question of wages — 
congenial surroundings are necessary. Car houses should 
be properly laid out for the work, kept clean, well lighted 
and heated in cold weather." The above is sound common 
sense, for proper attention given to the welfare of the men 
pays in the end. The same authority speaks of the education 
of these men : "Men should be taught why — ^as well as how — to 
do work, and to work from cause and effect. They should read 
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the effects to find causes, and not guess at them." The man 
who "knows it all" is of little use, fop he cannot, or will not, 
learn any more. Another question that arises is. Do we give 
the brains we employ on the car-maintenance problem sufficient 
insight into the general methods of economical maintenance 
which have been developed on other systems? It must be borne 
in mind that the most successful men in car maintenance are 
those who have grown up with the work, and do not necessarily 
receive their ideas from what they read, but gain their informa- 
tion from what they see in practical work. It is undoubtedly 
true where the management allow their foremen to visit other 
repair shops, good, bad or indifferent, that they pick up certain 
methods in the handling or repair of the equipment, which 
could be economically introduced in their own shops. A man 
who is, year in and year out, kept right down to his own propo- 
sition, gets into a rut. It is not the fault of the man, it is 
human nature, and he continues to apply old methods to new 
conditions at a loss to his employers. This man could be 
broadened in his ideas, and made a more valuable employee, 
by the co-operation of his employers in allowing him to gain a 
broader view of the maintenance problem. 

We must remember that the maintenance shops in the coun- 
try are isolated factories producing the lowest car-mile cost for 
maintenance within the experience, or ability, of their oper- 
ators, due to the independent methods by which maintenance 
is being carried on. The men on whom we rely for the per- 
formance of these duties have been too long in the same shop, 
and they may have become discouraged or indifferent. When 
this condition exists the maintenance conditions are changed, 
and instead of hustling to-day and using such inspection 
methods as will show them the physical condition of the equip- 
ment and how to maintain it, they are waiting to repair the 
equipment to-morrow, and they consider their salary earned 
if there are sufficient cars to operate and maintain the sched- 
ules. 

These are not ethical principles of street-car maintenance, 
but are conditions actually found where high-maintenance costs 
exist. Where broader methods are used with the employees 
we find, not only lower maintenance cost, but greater life is 
obtained from the equipment. This is the outcome of the ex- 
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perience of a large number of repair shops throughout the coun- 
try, and it reflects in the cost per car-mile, and in the possible 
earning capacity of a railway property. 

There is also a policy of management which affects these 
costs in some cases. Where a spirit of rivalry can be engen- 
dered between different repair shops of the same system on the 
basis of maintenance cost, it has led to a greater economy. 
It has been found that between the operating and maintenance 
departments of some systems there is insufScient harmony in 
their relations. There is a tendency to relieve the responsibil- 
ity of one department by throwing the burden on the other, not 
realizing the fact that it is the duty of both departments to 
produce the greatest number of car miles possible at the lowest 
cost. From this condition has arisen a movement to put the 
operating and maintenance departments under one head, and 
this officer to be responsible in turn to the general manager for 
both the use and abuse of the equipment. 

Such an organization could maintain the present standard of 
practice and remove the friction that now exists between these 
two departments, in some systems. 

It is possible on some roads to inspect nearly all the cars 
every night. The frequency of inspection depends on local 
conditions and the equipment. It can be easily found by ex- 
perience on a particular road, how long a certain piece of ap- 
paratus can be relied on to work without interruption, and in 
that way the question of how often it needs inspection may be 
determined. Records should be kept, whether inspection is on 
a time or mileage basis, in order to be systematic. 

On one large system the inspection is divided as follows : 

Trolleys: To see that the pole is straight and secure in the 
stand; that the harp is tight on the pole and that there is 
sufficient wear in the wheel to last until the next inspection; 
that contact springs, washers, bushings and axle pins are in 
good condition and properly lubricated. 

Controllers: To see that they are clean and properly lubri- 
cated ; that contacts make and break at the proper points ; that 
fingers and tips are good for a few days' wear, and that they 
are not rough and cutting; that cut-out switches work prop- 
erly, and that wires are firm, and make good contact in ter- 
minals. 
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Main Switches, Fuse Boxes and Lightning Arresters: To 
see that contacts are clean and in good condition, and that 
wires are secure in terminals. 

Resistances: To see that they are held in place securely; that 
they are not seriously burned, or grids cracked, and that con- 
nections are firm. 

Motors: To see that connections and leads are secure and 
not chafing; that brushes are not broken, and are good for sev- 
eral days' wear ; that the brush holder insulation and yoke are 
clean, and sufficient tension in springs; that commutators are 
in good condition, and motor bearings properly lubricated; 
that clearance between armatures and pole pieces is sufficient ; 
that pinions and gears are tight; that gear case and axle-box 
bolts are tight, and gear cases not cracked. 

Loose gears, or pinions, can be readily detected by the motor- 
man, and the interval after which it is necessary to open the 
gear case to examine pinions and tighten gear bolts, must be de- 
termined by experience. At longer intervals motors should be 
opened up for inspection and cleaning, and especially should 
a close watch be kept on the armature clearance, either by 
noting the wear on the bearing linings or, where possible, by 
measuring the clearance directly by inserting taper steel 
wedges between the armature and the lower pole piece. These 
wedges taper from about ^ inch to -^ inch, and are about 1 
foot long. Trolley stands should also be cleaned and lubricated, 
and poles tested for tension. Controllers should be taken 
apart once a year, and cleaned, and painted, and reinsulated. 

A suitable repair and inspection force for a car house of 
average size should consist of a day and a night foreman ; the 
day force to include a cari)enter, a blacksmith and his helper, 
and two motor and truck repairers, or pit men, with a helper 
each, a total of seven men and a foreman. The night force de- 
pends entirely on the number of cars to be gone over each night, 
and may consist of two electrical and mechanical inspectors, 
and three cleaners and oilers; a total of five men and a fore- 
man. 

The number and arrangement of these forces on one large 
system is shown in Fig. 183. 

This road is a large one, as seen by the number of car houses, 
and the particular attention given to night inspection. In only 
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a few cases, as on roads which are wholly interurban, is it 
possible or practical to do away with night inspection and do 
such work by day, unless there are suificient surplus cars. 

All work done on the cars in the car houses should, of course, 
be noted on blank report forms by the day and night fore- 
man, and forwarded to the master mechanic. He, in turn 

Ponn T. 6m-4^15-'01. 

UNITED TRACTION COMPANY CAR HOUSE 

Doily Report of Foreman to Master Mechanic 
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No. Repair Men on duty — day, 
No. Repair Men on duty — night, 
Total Cars on hand at 6 p.m., No. Cars O.K. not in service. 



CARS IN BAD ORDER AT 6 P.M. 



Car No. 



Tronble. 



Car No. 



Trouble. 



CARS PULLED IN SINCE LAST REPORT. 



Car No. 



Tronble. 



Car No. 



Trouble. 



Remarks: 



should have these reports tabulated in such a form as 
to show at a glance whether certain troubles were in- 
creasing from year to year, or not. It would also show 
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a very good record of the behavior of the various apparatus, 
which is valuable information. 

One form of such daily report is shown on page 329, also a 
record of the life of different car-equipment parts on a mileage 
basis from one road is given below. 

Table XXVIII 

LIFE OP DIFFERENT CAR-EQUIPMENT PARTS 



Part. 



Oarbon brushes. . 



4< 
If 
t| 



Arm. Bearings . . 



It 



Brake-shoes 
«« 

■Car wheel . . 



Gtears . 
Gears . 

Pinions 



Type of 

Motors 

(all Westing- 

house). 



Type of Car. 



Four-49 

Two-38b 

Two-49 

Two No. 8 

Pour-49 

Two-88b 

Two-49 

Two No. 8 



St. Louis 28 in. body 

Stephenson 26i' body 

St. Louis 28' body 

Brill 21' body 

•» 18' ** 

Stephenson 

St Louis 

Brill 



t( 



St. Louis & Stephenson 

Brill 

St. Louis & Stephenson 

Brill 

Stephenson 

St. Louis 

Brill 



ATer- 



<< 



14.909 

10,866 
18,117 
11,846 
8,480 
7,812 
9,582 
10,297 
17,726 
11,648 
28.668 
19,968 
96,288 
84.912 
20.988 
24,686 



Bemarka. 



Double truck cars 



Single 
•t 

Double 

Single 

Double 

Single 

Double 

Single 

Double 

Single 

Double 

Single 



«i 
«( 
It 
It 
li 

t * 
tt 
If 
<i 

«< 



Car Wheels 

The subject of wheels is one to which every railway manager 
should give the most careful consideration. Up to perhaps 
four years ago about the only wheel used under an electric- 
motor car was the ordinary cast-iron wheel with the chilled rim, 
a development of the old horse-car wheel. Thousands of chilled 
cast wheels, greatly increased in strength, and weighing from 
450 to 700 pounds each, can be found under standard freight 
cars. Other wheels are now coming into use, such as the steel- 
tired wheel with cast-steel or cast-iron center, which is the 
same as used by steam roads in its construction ; the fused-steel 
tired wheel, Figs. 184, 185, 186, consisting of a forged-steel tire 
within which is cast the center of cast iron, so that the latter 
practically fuses into the tire; and the rolled steel wheel, which 
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has a plate center, and made of cast steel rolled while hot into 
the desired shape by passing it through the necessary rolls. 

The railway company is chiefly concerned with two ques- 
tions : safety of the passengers, and the cost of wheels, in other 
words, the cost per 1,000 wheel miles. When both the weight 
and speed of electric-motor cars began to increase, and espe- 
cially on interurban lines, the small flanges of the chilled cast- 
iron wheels began to show an increase in the amount of chip- 
ping and breaking which became dangerous, causing a number 
of derailments. Probably most of these flange breaks occur 
while the interurban car is passing over the grooved rail and 
special work in the cities, and the danger arising from a broken 
flange occurs after the car has resumed high speed. The in- 
creased speed has rendered it necessary to slightly increase the 
depth and thickness of the flange for safety, and this has made 
the conditions in the cities w^orse. Some interurban roads are 
running at high speed to-day, wheels with a tread 2J or 2| 
inches wide and a flange f inch deep. There may be those 
who are willing to maintain that the above is a safe practice, 
but the majority of railway men used to high speeds will de- 
clare it entirely unsafe. Such wheels, set at standard gauge, 
or 4 feet 8^ inches from gauge line to gauge line, will not pass 
through the frogs of a standard gauge steam road without fre- 
quently dropping off, and no steam road will haul a car so 
equipped over their lines even at freight-train speed. A few 
high-speed interurban roads are fortunate enough to be able to 
use wheels with the M. C. B. standard tread 4 inches wide, and 
flange 1^ inch deep, but the cars of these roads seldom run over 
the ordinary street-car track. 

A majority of the roads have now adopted a compromise 
wheel, with a flange J to 1 inch deep, and a tread 3 inches wide. 
This is reasonably safe, but suffers when made of chilled cast 
iron and run in cities. Where special work is worn down the 
car rides on the flanges, this chips and breaks out sections of 
the flange, and the outside of the tread projecting over the 
rail-head frequently rides on paving blocks which are higher 
than the top of the rail. Steel tires overcome much of this 
diflSculty, as they do not break, and in consequence are far 
safer. Even such wheels whose flanges are too deep for the 
grooved rail wear badly, and cause more power to be consumed 
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by the car. It seems as if no relief can be expected from these 
troubles until some concessions are made by cities which insist 
upon a grooved or tram rail in a paved street. 

As regards cost of wheels, a large amount of data concerning 
chilled cast wheels has been published, and under average con- 
ditions the results agree that the cost per 1,000 wheel miles is 
from 18 to 22 cents, and the life of a wheel from 30,000 to 
40,000 miles. Some manufacturers sell cast-iron wheels under 
a guarantee of a life of 40,000 miles, and some sell such wheels 
on a mileage basis. In this latter plan a price is agreed on per 
1,000 wheel miles. The car mileage of the different classes of 
cars is given the manufacturer who keeps the road supplied 
with wheels, and his price may, or may not, include regrinding 
for wear and flat spots. It is a very satisfactory arrangement 
for both sides, as each is interested in obtaining the longest 
possible life of each wheel. 

Comparatively little data are available on the life and cost of 
steel tires, or of steel wheels, because they have not been in use 
long enough, and it is said that no all-steel wheels have yet been 
worn out. The life of steel-tired wheels on steam roads can 
hardly be used as a comparison, for the reason that all their 
cars are hauled, and the tires are not subjected to the in- 
creased wear caused by the motors spinning the wheels. Steel- 
tired wheels will seldom develop flat spots from sliding, and if 
they do they have the faculty of rolling them out after a short 
time. It has been said that if a road adopts steel-tired wheels, 
there will be no saving of cost over cast wheels, if the steel tires 
have to be sent away when they require turning down. All 
roads using such wheels should be equipped with a tire-turning 
lathe of their own. The saving made will soon pay for the 
cost of the lathe. Fig. 187 gives a section of steel tire. 

The following data were given by one large railway system 
on city and suburban service. 

The cost of cast-iron wheels had been about 20 cents per 
1,000 wheel miles ; wheels cost from fo.OO to |7.00 each. A new 
steel tire costs fl2.00, and with the three turnings after 
each 50,000 miles of service will make the net cost |3.00 per 
50,000 miles, or 6 cents per 1,000 miles; adding to this a shop 
cost of Jl.OO per wheel for the original application of the new 
tire to the center, which also applies to each truing-up opera- 
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tiOD in tbe lathe, the groaa cost per 50,000 miles is brought op 
to $4.00. Even this only increases the gross cost per 1,000 
miles to 8 cents, which is considerably less than half the cost 
of the cast-iron wheel. The idea that the steel-tired wheel is 
the more expensive to use on account of its high first cost, i. e., 
fSO.OO to f40.00 each, is misleading, because the center of this 
wheel never has to be renewed, and should be considered as a 
part of the truck. It seems perfectly fair to make the above 
assumption when comparing costs, as the only renewable fea- 




Fio. 187. — Section of Steel Tire Showing DlmenBlong when Tnied up la 
e, Lathe at Dtflerent Periods During Its Life. 



ture of the wheel is the tire. The only additional coat to be 
considered is that of removing a worn tire and replacing it by 
a new one, besides the necessary turning in a lathe about every 
50,000 miles, and this has been allowed for in the above cost. 
As a matter of fact the removal and replacing of cast wheels 
as well as the regrinding necessary to equal the life of a steel 
tire may more than offset this cost. 

Tbe life of a steel tire, of course, depends on the thickness of 
the tire, and the permissible reduction in wheel diameter de- 
pends on the clearance over the roadbed. Wheel sizes are or- 
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dinarily designated as 30, 33 or 36 inches in diameter, but are 
usually from 1 to 1^ inches larger when tires are new. Cast 
wheels can seldom lose more than 1 inch of diameter, on ac- 
count of the depth of the chill, which is usually about t or j 
inches. Steel tires are generally made from 2 to 2} inches 
thick, allowing a reduction of wheel diameter of about 3 inches, 



Fio. 188.— Rolled-Steel WLeel. 

and this is believed to correspond to a life of approximately 
200,000 wheel miles under average conditions. 

The rolled steel wheel is capable of still further wear. While 
its tire can be practically any thickness desired, the wear is 
only limited by the maximum reduction of wheel diameter, and 
the wheel can be worn down until it is unsafe for further use. 
There are no data available as to the comparative cost of roHed- 
steel wheels. Figs. 188 and 189 show rolled-steel wheels. 
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Another reason beBides that of rediji.-ed cost bas influenced 
railway companies to adopt steel wheels, and that is the nei'es- 
eity for frequently taking cars out of service for renewing or 
regrinding, as is the case when cast wheels are used. The car 
service lost from that cause in a year amounts to a very con- 
siderable figure. 

An important point in purchasing steel tires is to decide 
upon the character of the service in which they are to be used. 
Manufacturers of tires supply thousands to all classes of steam 



Fios. 190, ISl iiiiii 192— DiiiitJisLoiiti of Sti-cl Tires U^ed on Intcrurban Roads. 

locomotives, and the grade of the steel in a tire to be used on a 
freight locomotive is quite different from that on a fast pas- 
senger engine. There should be possibly as much difference in 
the tires used on high-S{)eed interurbau cars and tliose on cars 
in city service. Attention to this point will give a noticeable 
increase in the mileage obtained from tii-es. Fig. 187 shows 
a section of a typical interurban tire with dimensions and 
indicates the dimensions when trued up in a lathe each time. 
In pressing steel-tired wheels on axles, a difference in diameter 
between the bore of the hub and the seat of the axle of .01 inch 
is recommended. Opinions differ somewhat as to the amount 
of pressure used, but in general about 10 tons per inch of 
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Fig. 193. — Standard FlaDges Adopted by J. 0. Brill Company. 
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axie diameter is suflScient. Figs. 190, 191 and 192 show various 
dimensioDS of tires in use on interurban roads. 

The question of the proper design and dimensions of car 
wheels and axles often comes up on a road when the manage- 
ment are considering the purchase of new equipment. It is 
proposed to give here a table of the dimensions of the different 
wheels in common use which is expected to be of value as a 
guide to the selection. The chemical composition of a cast-iron 
wheel is usually left to the manufacturer, to whose interest it 
is to provide the best. A recommended composition is as fol- 
lows: 

Per Cent. 

Totalcarbon 3.50 

Graphite carbon 2 90 

Combined carbon 0.60 

Silicon 0.70 

Manganese 0.40 

Pho6phoni0 0.60 

Sulphur 0.08 

Successful wheels, however, varying in some of the constitu- 
ents to a considerable extent, have been made. Regarding one 
of the most important points in the design of wheels, that of the 
dimensions of the flange, average practice may be seen in Pig. 
193, showing the standard flanges adopted by the J. Q. Brill 
Co. A large number of cast-iron wheels made by a leading 
manufacturer have the following principal dimensions : 

Diameter. Tread. Flaoge. Weight. 

80 ins. Sins. fins. 276 lbs. 

80 8 t 860 

30 2i i 270 

38 8 i 510 

88 2i i 400 

83 2| t 460 

33 2i I 420 

38 8 i 426 

Fig. 194 gives the sketches of the dimensions needed by the 
manufacturer on receiving an order for wheels. 

A. Diameter of wheel. 

B. Diameter of front hub. 

C. Diameter of back hub. 

D. Distance through hub. 

E. Projection of front hub beyond rim. 



340 AMERICAN ELECTRIC RAILWAY PRACTICE 

F. Recession of front hub under rim. 

G. Projection of back hub beyond flange. 
H. Distance over flange and tread. 

K. Number of arms or brackets. 

The following table gives dimensions of cast-iron wheels 
which have been made from the above : 

Dimensions in inches. 



Weight 


A 


B 


c 


D 


E r 


O 


H 


K 


430 


30 


74 


n 


6 


i 


i 


4 


7 


880 


88 


^ 


n 


4J 


H 


81 


81 


7 


400 


83 


81 


81 


41 


21 


8* 


8f 




400 


83 


81 


81 


H 


^ 


^ 


8f 


7 


470 


83 


81 


81 


H 


2 


81 


31 


7 


490 


33 


81 


81 
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81 
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Fig. 194 —Sketch Showing Dimensions Needed by Manufacturer When 

Filling Order for Wheels. 

The necessity for standardizing motor-car axles is becoming 
more apparent each jear. Until comparatively recent times 
axles have generally been too small. The reason probably was 
due to a comparison with steam-road car axles being taken as 
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a sort of basis. This comparison was wrong because steam 
cars are all trailers, and an entirely different set of conditions 
exist in their case. It had been found that a tapering iron 
axle, usually Taylor iron, smaller in the center, was best, be- 
cause it did not crystallize as readily as steel, and gave a cer- 
tain flexibility which was of great value. But a motor-car axle 
is a driving axle, and is to be compared with a locomotive driv- 
ing axle, rather than one suited for a car. It was, therefore, 
realized that a heavy steel axle necessarily straight between 
wheel hubs was the only style to be considered. 

Fig. 195 shows an axle the dimensions of which are well 
suited for average suburban and interurban cars. As an exam- 
ple of standard elevated-road practice as well as heavy high- 
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STANDARD M.C. B. FILLETS IN ALL OrSETS. 

Fig. 195.—- Dimensions of Typical Interurban Axle. 

speed interurban work the M. C. B. steel-tired wheel and the 
axle shown in Fig. 196 is given. Of more recent date is the 
practice of mounting the solid gear on an extension of the hub 
of one of the wheels, and bolting it to the spokes of the wheels. 
The use of a solid gear thus mounted has proved to be an im- 
provement over the old split gear keyed to the axle, as it does 
away with all troubles from loose bolts and worn keyways. In 
some cases the wheels are pressed on over keys. 

Brake Shoes 

Every electric railway should, as far as possible, adopt a 
standard form of brake head, so that all shoes can be of the 
same design and will fit all cars except where wheel diameters 
vary too much. This step was taken years ago by the steam 
roads, and the Christie form of head is used by them all. This 
head was adopted as standard by the American Street Railway 
Association in 1901, but the principal incentive to change from 
existing types to standard, that of interchange of cars, is miss- 
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Fio. 196.— Typical Wbeel and Axle for Blevated Roads. 
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ing among electric roads at present, and the process must neces- 
sarily be slow. It could be hastened to a considerable extent, 
however, if taken up by the truck builders and the standard 
used by them on all new cars, for the design of the brake head 
is seldom specified except by the largest systems. There is an 
increasing tendency toward the use of flanged shoes ; that is, of 
shoes made wide enough to fit the wheel fiange. With chilled- 
iron wheels, except under conditions of severe flange wear, it 
is good practice. With steel or steel-tired wheels they should 
always be used, for they not only cause an even wear on the 
wheel flange, but tend to preserve its original contour. In loco- 
motive driver brakes the shoes bear on the flange, and on a 
portion of the tread nearest the flange, and on the outer por- 
tion of the tread, leaving a space untouched where the rail 
head bears. This wears the wheel evenly and prevents to a 
large extent the grooving of the center of the tread by the rail. 
The process is further aided by small pieces of steel inserted in 
the shoe casting at the portion bearing on the tread, thus turn- 
ing off the steel tire as in a lathe about as fast as the rail wears 
the other portion. In consequence the tires do not require 
truing up as frequently. Figs. 197, 198 and 199 show types 
of brake shoes for electric-motor cars. The steel or wrought- 
iron inserts can be readily seen. 

The proper composition of brake shoes is a problem which 
has been studied for many years. Good braking effect com- 
bined with lasting qualities is the object sought for. It is gen- 
erally conceded that soft-cast iron gives the best braking effect 
obtainable, but with poor lasting qualities, and all attempts to 
better the latter have been at tlie expense of the former. Shoes 
with steel inserts placed parallel to the axle have a cutting effect 
and increase the wear on the tire while giving fair braking 
effect. When steel inserts are placed diagonally or lengthwise, 
the lasting quality is greatly increased but the braking is poor. 
Soft cast-iron shoes sometimes give trouble for lack of strength, 
and are made with a steel back plate which effectually over- 
comes the diflSculty. Other shoes are made with alternate soft 
and hard chilled sections. This shoe is widely used and is a 
compromise between effective braking and length of life. An- 
other cast-iron shoe has inserts of cork or other soft material, 
the object being to collect on the soft inserts the particles of 



344 AMERICAN ELECTRIC RAILWAY PRACTICE 



PioB. 1»T. 198 and 199.— Tjpes of Brake Sbocs fur Eleclric-Stuior Can. 
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iron ground off the hard portion and thus prevent the sliding 
or glazing of the shoe when grinding stops. This is the rea- 
son why shoes made wholly of chilled east iron are not used. 
While they have a long life their braking effect is very poor. 

The Master Car Builders' Association has adopted the fol- 
lowing specifications for brake shoes. 

FOR CHILLED CAST WHEELS 

Brake shoes tested on chilled wheels moving at a speed of 40 
miles per hour must show a mean coefficient of friction of 22 
per cent, acting under a load of 2,808 pounds, a mean co- 
efficient of friction of 20 per cent, under a load of 4,152 pounds, 
and a mean coefficient of friction of 16 per cent, under a load 
of 6,850 pounds. 

FOR STEEL-TIRED WHEELS 

Brake shoes tested on steel-tired wheels moving at a speed of 
65 miles per hour must show a mean coefficient of friction of 
not less than 16 per cent, acting under a load of 2,808 pounds, 
a mean coefficient of friction of 14 per cent, under a load of 
4,152 pounds, and a mean coefficient of friction of 12 per cent, 
acting under a load of 6,850 pounds. 

As the increase in speed and weight of motor cars has caused 
the adoption of power brakes, so also has it caused a propor- 
tionate increase in cost of brake shoes. The greater wear, 
above that of the former low speed cars with hand brakes, has 
practically doubled the cost of brake shoes per car mile in the 
past few years. The cost may be said to range between 50 and 
60 cents per 1,000 car miles on a large system using many air- 
braked cars, while on an interurban road using only air brakes, 
and running at high speed, the cost has been found to be from 
15 to 20 cents per 1,000 miles. This difference in cost is prin- 
cipally due to the greater number of miles run per stop. 

Car Lubrication 

The lubrication of motor car bearings is rapidly passing 
through a transition stage, and the railway companies them- 
selves have discovered facts regarding grease and oil as bearing 
lubricators, which had not before been brought to their atten- 
tion. The motor manufacturers from the beginning adopted 
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grease as a lubricant and designed all their apparatus to suit. 
It may be said for them that they were not in a position to 
make extended tests to determine the question, but it is evident 
that too little attention has been paid to it, by both manufac- 
turers and railways, in the past. The truck manufacturers on 
the other hand adopted almost in the beginning, after horse 
cars went out, what is practically the steam railroad journal 
box, in which the axle bearing is lubricated by oil-soaked waste 
packed in the box beneath it. Fig. 200 shows this type. Al- 
though changes and improvements are now being made in this 
form of journal tending to decrease the cost of oil used, it has 
given good satisfaction for years on thousands of steam passen- 
ger and freight cars, as well as on motor cars. 

An ordinary four-motor interurban car has 8 wheel journals, 
8 motor axle bearings and 8 armature bearings, a total of 24 
revolving bearings to be lubricated. That these bearings pre- 
sent considerable resistance to the movement of the car is well 
known. How much this resistance can be decreased by good 
lubrication over poor is a question. One authority estimates 
it at 20 per cent, and he is not far out. In other words 20 per 
cent, more power is required to drive the poorly lubricated car 
in the same schedule, than the other. Under the usual grease 
lubrication the efficiency is lowest in cold weather, for grease 
cannot lubricate under those conditions until it has been heated 
sufficiently to become a liquid. This heat must be produced by 
friction in the bearing, and the power station must originally 
supply that heat. On all roads, especially large systems using 
electric heaters, a very considerable increase in output at the 
power station is inevitable in cold weather, and it is usually 
charged to the heaters, but how much ought to be charged to 
bad lubrication? It may be that, as the railways begin to 
adopt improved methods, we will obtain some comparative fig- 
ures on this point. An object lesson may be had if we would 
notice the facility displayed by a properly lubricated inter- 
urban car in "drifting" or "coasting" and then note the per- 
formance of the other kind with a similar equipment on, per- 
haps, a different road. The difference may be surprising. 

With most railways grease was just grease, and the cheap- 
est kind was usually purchased, but sometimes a surprise was 
encountered when an agent remarked that he could supply 
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grease that contained some real grease; that for equal 
weight it would lubricate three times the mileage of the old 
grease; that all bearings would run cooler and that its price 
was just three times that of the other. He argued better lu- 
brication at less cost, due to the fact that grease cups were 
only filled once, while the old grease had to be supplied three 
times. When this was found true, it may have been the be- 
ginning of an awakening to the fact that it was possible to 
improve in lubricants, and that perhaps a substitute could be 
found for grease which would give better results still. 

The probability is that the principal incentive toward better 
lubrication was the excessive wear of armature bearings. The 
linings wore down so fast that armatures were continually 
getting low enough to strike the lower pole pieces, with the 
frequent result of destroyed bands or burned-out armatures. 
This, on a large system, was so expensive that a remedy became 
imperative. A great deal of this trouble was caused by dirt 
and grit getting mixed with the grease in the cup in many al- 
most unavoidable ways, and not only were bearing linings 
quickly worn, but the rapidity of the wear on the steel shaft 
was remarkable. A state of affairs is soon reached when few 
shafts have the same diameter, and consequently linings of a 
standard size cannot be carried in stock. Finally the shafts 
have to be all turned down to a certain size, in spite of the 
weakness caused, and steel sleeves are heated and shrunk on 
the shafts. These are then turned to the standard diameter. 
When it was realized that much of this trouble could be obvi- 
ated by better lubrication, experiments were at once begun. 

It will be remembered that, as far back as 1895 or 1896, it 
was discovered that very heavy motors, such as were used on 
third rail lines, could not be successfully operated with grease 
as a lubricant, and the manufacturers redesigned the bearings 
so that oil and waste could be substituted. This change was 
successful and has been retained and improved, but all smaller 
motors were allowed to be sent out with the grease cups as be- 
fore. This is causing trouble at present for those roads which 
have abandoned grease and substituted oil, because the oil has 
to be fed through the old grease cup. They have designed and 
tried a number of devices to do this properly, and while some 
report a considerable saving in cost with very satisfactory 
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lubrication, others are not yet satisfied witii the methods em- 
ployed. The opinion is becoming universal that oil is a far bet- 
ter lubricant, and troubles caused by the use of grease are 
rapidly disappearing. 

The latest motors for ordinary street and interurban service 
are now sent out by the manufacturers with all bearings de- 
signed for the use of oil with felt or waste. But this does not 
help the matter of the thousands of older motors which are far 
from worn out, in which some kind of an oil feeding device must 
be applied to the grease cups. Several of these have taken the 
form of a cast-iron cup with a vertical tube in the center, 
through which a wick composed of woolen strands passes from 
the oil in the cup. At the bottom of the tube is a small hole 
leading to the bearing, and the top of this hole sometimes has 
a small ball or a needle-pointed valve, which is supposed to 
shut off the oil when the car is at rest, while the jarring of the 
car when in motion unseats it sufficiently to allow the oil to 
run. Some say this valve is a failure and omit it entirely. 
Others regulate the flow of oil by the number of strands in the 
wick, but the flow is continuous. Nearly all agree that if they 
could get a device which would positively shut off the oil when 
still, and start it when the car starts, then oiling would be 
satisfactory. 

It is unnecessary to describe each device which is in use, but 
Fig. 201 and Fig. 202 show two which are used to some extent. 

Fig. 203 shows a form of oil cup used by the Rhode Island 
Co. of Providence which is said to give satisfactory results. 
The weight ^'B" flts easily in the vertical tube "X" and its 
weight is carried by the spring-supported valve stem "C." The 
tube **X" has three vertical slots in its sides and the lug "Y" 
slides in one of them. This keeps the weight and consequently 
the valve stem "C" from turning as well as the adjusting screw 
**E." The tension on spring "D" can be adjusted by tension 
screw "E," thus regulating the quantity of oil admitted through 
valve "C" by the vibration of the weight, as valve "C" seats up- 
ward and the oil is shut off when the car stops. All these 
cups are designed to fit present grease cups. When wheel jour- 
nals and other bearings are lubricated with oil and waste as 
is done by steam roads, it is sometimes the case that con- 
siderable trouble is experienced from hot boxes, and those in 



350 AMERICAN ELECTRIC RAILWAY PRACTICE 

charge seem ignorant of the caase. In nearly every case of tfais 
kind it is lack of knowledge as to how it is done, and what are 



Fig. 301.— AutomaUc Oil Cup for Motors. 

the proper materiats to use. It is not an nncommon sight to 
see a car-hoase man repack a wheel journal with a quantity of 



Fio. 202,— Automatic Oil Cup for Motors. 

the cheapest colored cotton waste which has been in a pile 
on the floor, after dipping it in a pail of oil. He forces about 
all he can into the box with his iron rod, and packs it down 
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bard; then after pouring about a pint of oil on top of the 
waste, tbe job is done. Some roads wbo use the above method 
will say: "We don't have mnch trouble with hot boxes." In 
such vases a closer investigation will invariably show far too 
many hot boxes; a high expense for journal brasses, and badly 
worn axles, the inevitable resnit of bad lubrication. Often hot 
boxes occur on applying new journal brasses and the cause is 
attributed to a rough axle. Far more often are they caused by 
a few strands of waste being caught under the new brass when 
pat into place. Nothing causes a box to heat as easily as this. 
Steam railway men, on sending out a new passenger car, or 
an old one with new journal brasses, formerly had to send 



Fio. 303.— Automatic Oil Cup Used by Rbode iBlaod Co. 

a man provided with oil, waste, and "dope," on the first trip 
to look after hot boxes, until things wore to a fit. This is sel- 
dom done now, for all new axles, at the bearing fit, are turned 
to size with the finishing cut of a flat-nosed tool, and then 
burnished or rolled with a steel roller carried in the tgol post 
of the lathe. The surface is never touched by a file, for that is 
usually fatal to cool running, but the rolling process smooths 
ofiF all minute particles and imparts a bright polish to the axle. 
This, when furnished with a new lead-lined journal brass, is 
so sure to run cool from the start that the necessity of sending 
a man with the car has disappeared. For proper lubrication 
of all bearings designed for oil and waste lubrication, nothing 
but pure wool waste should ever be used. This should be 
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soaked in good journal oil for not leBs than 24 hours before 
uaing. Steam roada keep a certain quantit; always soaking 
and uae as required. After the box is cleaned the waste should 
be allowed to drip off what oil it will before it is packed in the 
box. It should then be spread evenly over the bottom of the 
box np to a height where it presses against the lower half of the 
axle. It should not be packed tight but should act like an 
elastic, springy mass. The wool waste has the required elas- 
ticity in a high degree. It is unnecessary to pour in any oil if 
the waste is well soaked. Lead-lined brasses are universally 
used by steam roads. They bave an inner lining of lead about 
^ inch thick. This lining wears off in a day or two allowing the 
axle and brass to fit themselves gradually, and so prevents the 
weight being carried by two or more high spots in the brass, 
which would canse heating. 

Some very interesting results have been recently attained, 
especially by steam roads, with a method of lubrication in 



Fio. 804— Jounwl Box Showing Metbod of Liibricalion with Kollets. 

which the standard journal box is used, but the waste is omit- 
ted. In its place several patented devices are being tried, 
which consist of two or more small wheels or discs supported 
in various ways which roll on the axle. These wheels are 
forced ^gainst the under side of the axle by a slight spring 
pressure, and the lower half of their rims being immersed in 
oil carried in the journal box, their revolutions carry the oil 
up and deposit it on the axle at the contact points. Care has 
to be exercised to secure a tight dust guard and other precau- 
tions to prevent leakage. (See Fig. 204.) Fig. 205 shows a 
journal box for electric cars in which a wick is held against the 
axle, the other end being immersed in oil. 

It is just as important to change the consistency of oil in 
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eammer and winter, as it is grease, and some roads change the 
oil three times during the year. Motor bearings are usually 
fitted with babbitt nieta) i-oniposition liniDgs, the compoBition 
being about as follows: 100 pounds tin, 10 pounds copper, 10 
pounds of antimony. The best journal oil is a composition of 
crude oil, whale oil, and lead, and the cost about 20 ceuts per 
gallon. It is a difficult matter to determine at present what 
the proper cost of lubricating a four-motor car per 1,000 miles 
ought to be. 8ome records give from 18 to 28 cents per 1,000 



Fio. 205 — Journfkl Box witb Wfck LubrlcAtion. 

ear miles, but with the latest-type motors, built for oil and 
waste lubrii-ation, it is tjuite poBsible to reduce this to about 
12 cents. Elevated roada, using two motors per car, have suc- 
ceeded in getting the cost down to 8 or 9 cents. The Rhode 
Island Co. claim that their oil cup described above positively 
shuts oSf the oil when not in motion, and reimrt that some fl. E. 
57 motors arc running with an average of 2 ounces of oil per 
bearing i>er 1,000 miles and that G. E. 800 motors require from 
3 to 4 ounces i)er bearing for the same distance. The oil 
weighs 116 ounces iter gallon. The figures probably refer only 
to armature bearings. 



CHAPTER XV 
MISGELIiANEOXJS SUBJECrFS 

Freight and Express Traffic 

As a general proposition the freight or express business on 
interurban roads is a widely diversified one. It is vitally in- 
fluenced by local conditions, especially by competing steam 
lines. In making the distinction between express and freight 
the former is usually defined as goods which are collected, 
transported and delivered, and necessitates in most cases a 
wagon service at both terminals. The freight may or may not 
be a heavier class of goods, but is not collected or delivered^ 
simply transported. Thus the distinction is nearly the same 
as that between the freight carried by steam roads, and that 
handled by the old express companies. 

The road that serves large manufacturing or commercial 
centers, where prompt delivery and receipt of goods are advan- 
tageous to the customer, can generally do an express business, 
at expre^ rates, upon a profitable basis. On the other hand 
a road operating through a farming district, can often work up 
a profitable freight business in milk and farm produce at low 
rates, even when competing with a steam line. 

The advantage which the interurban roads have over the 
steam roads, in competing for the local freight traflSc, is shown 
in their ability to transport goods frequently, and promptly, 
between a city and its suburban towns. The frequency of 
freight service has a decided tendency to build up the small- 
shipment business, for the merchants in the towns can order 
their goods one day and receive them the following, or even 
the same day, which is an advantage to their customers. 

Many managers believe that a strictly express business 
should not be carried on by an interurban line, except so far 
as transporting express matter in the same manner as the old 
express companies carry on their business, with the help of the 

854 
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steam roads. Electric express companies have been formed 
along these lines, and are carrying on a successful business. 
The interurban road, meanwhile, carries on its own freight 
business. 

Two classes of freight are frequently established; the lights 
and the heavy, or carload lot. Light freight is carried as is 
express, in motor cars built for the purpose, and geared to a 
speed equal to that of passenger cars, so that they maintain the 
passenger schedule without interfering with it. On account of 
the limitation of power supply, heavy, bulky freight should bo 
handled in powerful low-geared freight cars, also capable of 
hauling several standard steam freight cars in a train. This 
service is usually handled between midnight and morning, pro- 
vided, of course, that it cannot be conducted at a more con- 
venient time of the day without interfering with the passenger 
schedule. Up to the present time, most of the interurban lines 
have been practically limited, in the amount of freight han- 
dled, to that which is produced and consumed along their own 
lines of road. 

The almost universal disposition of the steam roads in the 
past has been not to interchange or way-bill their freight cars 
over the electric roads. In Ohio and Pennsylvania, the two 
'States in which this opposition has been the strongest, the in- 
terchange of freight in bulk with electric roads is rapidly in- 
creasing and considerable business along these lines is the 
result. 

Some idea of the amount of freight and express business, in 
certain localities in New York State, can be seen in the follow- 
ing data for the year ending June, 1903. 

Gross Receipts. Receipts per 

Freight & Car Car Mile. 

Express. Miles. Cents. 

Albany $37,986 49.797 75 

Rochester 28,381 46.764 60 

Newburgh 12,881 16,516 78 

HudsonValley 22.190 54.842 40 

Brooklyn Heights 75,668 189,494 40 

Buffalo 89.354 219,672 41 

The freight business of the Ohio and Michigan interurban 
lines has probably been developed and perfected further than 
elsewhere at the present time. 
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For the year ending April, 1903, the following figures were 
obtained : 

Gross Receipts. 
Freight Express. Total. 

Eastern Ohio Traction |44.000 $44,000 

Toledo & Western 28,000 23.000 

Cincinnati. Georgetown & Portsmouth 87.500 $10,200 47,700 

Cleveland & Southwestern 10,000 7,200 17.200 

Lake Shore Electric 26.200 4,700 80.900 

It is probable in the year above mentioned that the average 
annual gross receipts per mile of track did not exceed |750 for 
freight and express traflBc. 

The question as to whether interurban roads should handle 
express matter in a combination passenger and baggage car is 
one that depends entirely on local conditions. In certain lo- 
calities, especially where competing for passenger traflSc with 
steam roads, it is usually necessary to carry baggage, though 
not on every car. If baggage is carried it is often practicable 
to carry on a light express business, either by the road, or by 
a separate express company, provided the volume of the busi- 
ness does not interfere with what is considered a desirable 
passenger schedule. TraflBc laws in certain states necessitate 
the carrying of baggage with the sale of a passenger's ticket. 

The Utica and Mohawk Valley Railway Co., which operates a 
combined freight and express business, gives the following 
figures for the express and freight department for the year 
ending June 30, 1904 : 

Gross Receipts $86,187.96 

Operating Expenses $22,177.24 

Cost of power and interest on investment $4,567.91 

Net Income $9,452.81 

Total tonnage (tons) 8.604. 

Average rate per 100 pounds (cents) 21.08 

Gross earnings per express car mile per day (cents). . . 41 

Earnings per car hour $4.27 

Regarding the proper classification of freight and express, 
and what to make the rates, it seems to be the general opinion 
that special classifications and rates should be made to fit local 
conditions. It is rare that exchange of traflSc is made with 
foreign companies, but, if so, the "oflScial classification" of the 
steam roads and express companies should be adopted with 
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modifications. In few cases should rates be made less than 
those of competitors, and some believe in a flat rate, with no 
classification. 

On some interurban lines both freight and express are han- 
dled in the same cars, which are capable of high speed. This 
often results in a full carload, which, without freight, would 
be run at a loss. The sole difference between freight and ex- 
press in this case is, the former is received and delivered at 
terminals only, and at a slightly less rate, while express is col- 
lected and delivered by wagon. 

On lines running through farming districts the carriage of 
milk is frequently profitable. Milk stations, with platforms 
the height of the car floor, should be established at intervals. 
Charges of from 1 to 1.5 cents per gallon, dependent upon dis- 
tance hauled, and including the return of the empty cans, is the 
usual rate. 

But the freight and express business on interurban roads is 
in its infancy when we consider the volume of business now 
carried on compared with the large mileage on which this 
traflBc has not yet been developed. It is the general impression 
that the interurban road is essentially a passenger-carrying 
road. Even if this is true at the present time, is that any rea- 
son to assume that it will always be? Consider the history of 
the steam roads, and we find that while freight receipts 
were once a small portion of the total, now they exceed the 
passenger receipts on all but a few roads. 

Not many managers of interurban roads fully appreciate the 
profit with which an express or freight business (call it by 
either name) may be conducted over their lines if carefully 
worked up and well organized. To be sure, sometimes local 
conditions are decidedly unfavorable, but in general it ought 
to be feasible on an interurban road connecting a number of 
towns to a large city terminal and on suburban lines radiating 
from a city. The operation of an electric express service 
reaching out from a city in several directions to smaller cen- 
ters of population which lie within a radius of 20 or 30 miles 
would do much toward increasing the volume of business done 
by the merchants of the city. 

In establishing such an express or freight service, where 
there is competition with steam roads, prospective patrons 
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should be impressed with the advantages of quick delivery and 
every effort should be made to attain it. A sweeping reduc- 
tion in prevailing rates is usually a mistake, for a rate equal 
to, or a little less than that of the competitors can be reduced 
later on with profit, but rates can seldom be increased without 
loss of business. Electric-express service is not cheap, but it is 
quick. 

Sufficient equipment in the shape of motor freight cars and 
trailers should be provided to handle all the business offered 
without any delay. Too much care cannot be given to the 
erection of freight stations and platforms. These should have 
floors at the level of the floors of the freight cars. This not 
only enables train crews to handle the freight easily and 
quickly, but leaves it where it is convenient for transfer men 
to load on their drays. Careful attention should be given to 
requests for sidings from manufacturers along the line, espe- 
cially where carload shipments are to be made and, where the 
road is in a position to handle such business, the sidings should 
be provided if sufficient business is assured. 

As for carload lots, it has been said that an interurban road 
having a passenger traffic necessitating a half-hour schedule 
on single track, should leave such business alone. It is true 
that it could not be handled, at least in trains of several cars 
each, during the hours that such a passenger schedule is in 
effect, but some roads do handle such freight at night and with 
success. On account of the limitations of substations and 
power stations, most of the present interurban roads are not 
suited to hauling heavy freight trains, although short trains 
made up of standard steam railroad freight cars can easily be 
handled when occasion demands it. In few, if any, instances, 
has the freight business of an interurban road grown to 
the point where long, heavy freight trains are necessary. A 
great deal of freight in carload lots can be handled without 
bunching these cars into long trains. But the moment that 
freight trains begin to get so heavy as to seriously overload the 
substations, which means a large additional investment in 
power apparatus which remains idle most of the time, then it 
is necessary to split up the trains into smaller units, or buy a 
steam locomotive, as some have done. 

But where passenger service is frequent it has been demon- 
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strated th.'it considerable business in the way of light fast 
freight and express can be done by using cars which can make 
the passenger schedule. Such cars often earn an average of 
30 to 75 cents per mile, or J25.00 to |40.00 per day. 

Handling Snow 

In the northern and middle states snow removal is one of the 
most serious problems the manager of a city and suburban road 
has to contend with. In the beginning the magnitude of any 
snowstorm is unknown and the possibility of a tie-up of the 
lines is always imminent. Many a strenuous time has been ex- 
perienced by oflficers and employees in the operation of snow 
plows and sweepers, for hours at a time, with little or no chance 
for rest until the storm abated. 

The equipment used by the various roads for snow fighting 
consists of the sweeper, the shear plow, the nose plow and the 
rotary plow. The sweeper usually has two revolving brooms 
driven by motors, with their axles at an angle of about 45 
degrees with the track. The shear plow is used on double track 
and has a large straight plow at an angle with the track, and 
considerably longer than the width of the track. It moves the 
snow all off to the right-hand side and consequently does not 
throw any on the opposite track. The nose plow is the or- 
dinary pointed plow, and is used on single track, throwing the 
snow off on both sides. The plows are made of heavy sheet 
steel and arranged to raise and lower vertically, by either hand 
or compressed-air power. The rotary plow is practically the 
same as that used by steam roads, except that it is driven by 
electric power. The revolving fan, or propeller, is incased in 
steel at the sides and top, and on being forced into the drifts, 
collects the snow and discharges it out through a chute near 
the top of the casing, and throws it clear of the track. 

Custom varies somewhat as to the proper equipment, depend- 
ing upon the locality and climate. Some cities, as New York, 
depend largely on the sweeper, and employ large numbers of 
them. Others use the different forms of plows, sometimes fol- 
lowed up by sweepers. The rotary plows are seldom used in 
cities, as they are better adapted to suburban or interurban 
lines, where heavy drifts are liable to be encountered. Track 
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scrapers fitted to each passenger ear are of great value, eape- 
ciall; in the early hours of a storm in cities. 

The main point in snow fighting is to keep all the cars mov- 
ing, and OD schedule time as long as possible. The least de- 



FiG. 208,— Track Bcraper. 

lay gives the snow a chance, and a blockade is liable to result. 
The only way to keep a road open is to nse every effort to se- 



Pm. 209.— Electric Sweeper for Heavy Drifts. 

cure the continual movement of both cars and plows, through- 
out the storm. Most large systems have special men assigned to 
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soow-plow work, who are instructed to report for duty oo the 
approach of a storm, as booh aa they are relieved from their 
regular car, or are called from their homes. The work is 
sometimes in charge of the mechanical department, and some- 
times under the operating department. The latter plan is 
usually the best, and is steam road practice. Not infrequently 
a steam road is tied up by a snowstorm, while the ueighboring 
internrban line is iu operation. The reaBoo is nearly always 
because of the scarcity of trains on the steam road, while the 
iotemrban cars pass over their line every 15 or 30 minutes. 



Fio. 210— Electric Sweeper for City Service. 

Snow fences, in a portable form, have long been used by steam 
roads, and many internrban roads have adopted them. When 
placed near exposed portions of the line, or above cuts where 
drifts are liable to form, they afford much protection by caus- 
ing the drifts to form about them instead of on the track. (See 
Fig. 206.) 

A number of internrban lines use pilots on their passenger 
cars. If plows are substituted for these in winter, or the 
pilots converted into plows, the necessity for employing regular 
plows can frequently be overcome. Fig. 207 shows a heavy 
motor car equipped with steel plows beneath the platforms, at- 
tached to the car body, and arranged to raise and lower. They 
have a short stiff broom attached to the lower edge of the plow. 
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SuiL an equipuieut has frequently passed through snowiipifta 
with no difflcult.v, which stalled a steam locomotive. Regular 
plows are never needed when they are in use. 

The records of the amount of snowfall in the principal north- 
ern cities between St. Louis and Boston, for six years prior to 



Pio. 211.— Nose Plow for Single Track Work. 
1904, show Buffalo to have the heaviest, with Rochester, Syra- 
cuse and Albany nearly as much. The winter of 1903-04 was 
unusual, for the snowfall exceeded that of retient years by 



Pio. 212,— Sliear Plow for Double Track Work 

about 50 per cent. The cost of snow removal is an important 
item, especially in a city system. The city authorities usnally 
require the railway company to keep its tracks and two feet 
outside clear, and where the snow has to be removed from the 
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streets, as it has in most of the business streets, the company is 
expected to bear a share in this expense. Sometimes the com- 
pany assists by carrying off the snow in cars. An idea of what 
the cost of snow removal is can be seen in the following table : 



Average 

Six Years 

Ending 

Jane 90, 

1903. 



1903-04. 



1904-5 
to Mar. 1 



Boston Elevated 

Worcester Consolidated 

Springfield Street 

State of Massachusetts^ 

New York Citv« 

New York & Queens County. 
United Traction, Albany . . . 

Syracuse 

Buffalo 



$874 


$638 


77 


94 


96 


178 


112 


212 


211 


452 


94 


69 


100 


188 


58 


118 


•77 


M27 



I 



140 

• • ■ 

720 

108 

80 

55 



1 This iDcludea all the lines in the state. 

* Average of lines operated directly by Metropolitan Street Railway Company and New 
York City jRailway Company. 

* Average of International Railway, Buffalo Railway and Croastown Railway. 

* Average of International Railway and Crosstown Railway. 

The cost to the Rochester Railway Co. during the winter of 

1903-04 was f.0033 per car mile run during that year. The 

Syracuse Rapid Transit Co. expended f .0021 per car mile, and 

the interurban road known as the Utica and Mohawk Valley 

paid $.0046 per car mile. Figs. 208, 209, 210, 211 and 212 

show a track scraper, sweepers and various styles of snow 

plows. 

Tickets, Cash Fares and Transfers 

The well-known fact that all men are not thoroughly honest 
from the lowest to the highest station in life, constitutes one 
of the chief i'easons why so much time and thought has been 
spent by railway companies in the endeavor to formulate a 
system which will adequately protect them against loss in the 
handling of their tickets, cash fares or transfers. The losses 
cannot all be ascribed to employees, for the public must be 
guarded against as well. The old idea that it is a fair game to 
avoid paying fare on a railroad car if possible, or to defraud 
the Government out of its just dues by dodging the duty on im- 
ports still obtains, and probably always will. The lady who 
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sought the conductor before leaving the car in order to pay 
her nickel, which he had omitted to collect, caused a laugh 
among the passengers. There are few like her, but if all were 
the conductor's position would be far less difficult than it is. 
Many passengers will take a seat in a car with their fare in a 
convenient place, but seldom is a move made to give it up, 
even when the conductor is close by, until he makes the direct 
request. 

The company expects the conductor to get all the fares when 
possible to do so, and when his fares, or register, do not prop- 
erly correspond to the number of passengers, he is compelled to 
select someone whom he thinks has not paid, and request it. 
If he is right in his surmise nothing is said, but if he is mis- 
taken he gets a gruff answer and a look which says he must be 
a green man to make such a mistake. 

The recording of all fares on the register, especially in city 
service, protects the company to a large extent against losses 
through dishonest conductors. When cars are not crowded 
the passenger has become so accustomed to hearing his fare 
rung up that an omission to do so frequently attracts atten- 
tion. One manager, when asked if it was his custom to employ 
men to ride on the cars to watch and check the conductors, 
replied in the negative, saying "the public were his best de- 
tectives." On crowded cars it is very difficult to detect a fail- 
ure to record fares by the conductor, for he often fails to get 
them all, try as he can. Moreover, if someone is watching 
him, the watcher is usually on the crowded car. 

Apart from these small peculations the opportunity to de- 
fraud the company of large amounts through the dishonest use 
of transfers or tickets has been so restricted by the different 
systems now in use, as to render it practically impossible with- 
out the co-operation of several conductors or motormen. Some- 
times this is done on quite a large scale and extensive losses 
have resulted before detection. But the necessity of having a 
confederate in such dealings always acts as a strong deter- 
rent to the man who contemplates it, for fear he may expose 
him. 

The fare register in its various forms is about the only ap- 
pliance which has been generally adopted as a safeguard by the 
street railways of this country. Inventors are continually at 
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work on improved registers, some of which provide for ring- 
ing up transfers, tickets or cash fares separately, and others 
are arranged to record the exact amount of fare paid by a pas- 
senger up to 25 or 50 cents, and even automatically compute 
the totals of the run like the well-known cash register. These 
latter check up errors made by conductors in reading the reg- 
ister. That all registers fail to afford the protection needed is 
well known, but their use is a necessity until some better sys- 
tem is offered. On many roads will be found men who are con- 
stantly studying how the register can be beaten to their own 
profit. The advent of a new type of register is always followed 
by an investigation and discussion of its merits by the men, 
and always with a view of discovering its weak points if it has 
any, but this does not indicate dishonest motives by any means. 
It is simply the natural desire to find out things. 

It has been said, and rightly, too, that the only system in 
which the company gets all the fares, is that employed by the 
elevated and subway railways, where a ticket must be bought 
and given up before entering the train. This is practically im- 
possible on a surface street railway, but the nearest approach to 
it has recently been described. It is the method of fare collec- 
tion generally used in Canada, and is interesting, if not prac- 
ticable in all our great cities. 

One form of it is the so-called "coffee-pot" collection box. 
It is a small, two-compartment bank or safe with a slot in the 
top for receiving the fare, and is carried by the conductor. It 
is constructed entirely of steel covered with leather, and meas- 
ures 8^ inches x 5f inches x 2^ inches, with a handle at one 
corner. The upper compartment contains a small glass win- 
dow through which the conductor may see the coin or ticket 
before he pushes a button and opens a trap which drops it into 
the lower compartment. It is impossible to remove the con- 
tents of the box except with the key held by the authorized 
person at the main office. Fig. 213 shows how this box is 
used. 

Each box is numbered and issued to the conductor empty, the 
proper records— conductor's number, car number, etc. — being 
taken. They are returned by the conductor at the end of his 
run to the car-house foreman, and are collected by a special 
car and taken to the office. It is clear that the company gets 



368 AilERWAX ELECTRIC RAILWAY PRACTICE 

all the fares paid by the emplovment of this system. It seems 
impossible to beat the box. The conductor is provided with 
suflQcient money to make change, which he is supposed to do 
with his right hand, while he carries the box in his left. In 
addition he must run bis car and manipulate the signal cord. 
Generally speaking bis hands are pretty full, and no record is 
at hand of any passenger having made off with the box. In 
certain parts of some of our cities the latter temptation would 
be considerable. 

Another form of this system is in use experimentally in Mon- 
treal, which has certain advantages over the other if the popu- 



Fio, 213.— "Coffee Pot" Collection Box. 

lace take kindly to it. Cars with roomy rear platforms are pro- 
vided with two ratlings and two doors, one for entrance nnd the 
other for exit. There is also a door for exit only, on the front 
platform. The conductor stands on the rear platform between 
the doors and the fare box is fastened to the railing directly in 
front of him. Fig. 214 shows the arrangement clearly. 

The passengers must all pass the conductor and the box be- 
fore entering the car, and those who ride on the platform are 
where the conductor can see them. The box is presumably se- 
curely fastened, otherwise it would not be prudent for the con- 
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dwctor to leave tlie platfurin to throw switches or attend to 
other duties, in an eniergenuy. The cars are called "pay as 
you enter" and signs are carried on the front or sides of the 
car, admonishing prospective passengers to have their fare 



Fio, 214.— "Pay as You Euter" Var. 

ready, with the object of educating the public in facilitating 
quick entrance. 

This is one of the principal points on which its success or 
failure would dejiend. if introduced in one of our larger 
American cities. During "rush hours" it would he almost cer- 
tain to create serious congestion in the rear platform when a 
large number of |)eople attempt to board the car under our 
present conditions. The necessity of holding the car until 
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a sufficient number had deposited their fare to leave room 
enough for the remainder to stand on the platform would cause 
such a delay as to seriously interfere with the regular move- 
ment of the cars. That the average citizen can be educated to 
sensible changes, when their object is apparent, has been 
proved more than once. However, where traffic is very dense, 
any innovation which causes a delay in entering or leaving the 
car should be introduced with caution. 

To the uninitiated the use of transfers to any considerable 
extent would seem to imply a loss to the company because of 
the substitution of the transfer for an additional cash fare. 
This, however, has not been found to be true except in rare in- 
stances. The company should guard itself against loss by 
careful study of the conditions, which differ in every cit}', and 
authorize the issue of transfers at such points as seem neces- 
sary to the public, and for the best interests of the company. 
Many persons bound to points on branch lines will prefer to 
walk from the junction point rather than pay an extra fare. 
The issuance of a transfer in such cases is an advantage to the 
company in that it increases travel, on both the trunk line and 
the branch. In most of the large cities the use of transfers at 
nearly all connecting points, is general practice. They are 
issued in such a way that a passenger may travel in one gen- 
eral direction, but not so that he may return over any other 
line to the vicinity of the starting point. The giving of an- 
other transfer on receipt of one, thus allowing a ride over three 
or more lines for one fare, is not often allowed. Most com- 
panies are decidedly against the practice, for the reason that 
a ride over two lines for one fare is all the public should ex- 
pect. In some cases there may be certain short lines connect- 
ing trunk lines, where the total length of the ride is not 
excessive, that it may be advisable. 

Mr. Leon Jewell has published the following data of the 
Chicago City Railway Company, with respect to the operation 
of its transfer system, as representing the growth and develop- 
ment of the use of transfers over a period of twenty years — 
1884 to 1904 : 
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1884 1904 

Number of distinct lines of cars operated 7 20 

Number of distinct routes operated 19 182 

Number of transfer points 2 94 

Maximum possible number of transfers Issued for one 

continuous ride in one general direction 1 19 

Average number of transfer passengers carried daily . . 4,000 207,728 

Percentage of transfer passengers to fare passengers. . . 4.65^ 50.7^ 
Percentage of transfer passengers to fare and transfer 

passengers 4.4^ 37.0^ 

Average fare per passenger (fare and transfer pas- 
sengers) $0.0478 $0.0818 

Length of longest line, miles 4.59 9.78 

Average length of all lines, miles ! 8.88 5.87 

Longest transfer route possible, miles 4.39 15.74 

These figures afford an interesting analysis of the effect of the 
final introduction of a universal transfer system in a large 
city. 

Fig. 215 illustrates a new style of transfer slip adopted by the 
Brooklyn Rapid Transit. Its chief point of difference from 
other styles is that the time limit is indicated by the tearing off 
of one end, rendering the use of a punch unnecessary. 

The collection of interurban fares is an entirely different 
problem from that in city service, and many different systems 
are in use. As existing conditions are seldom similar it is 
probable that one system may be fairly well adapted to one 
road while it would not be appropriate for another. There are 
many cases where the simple extension of the city system is 
the one in use. This means that the line is divided into 5-cent 
zones, and the conductor collects and rings up the fare in each 
zone. Sometimes the labor involved in the above is reduced 
by the conductor ringing up the total fare to destination on an 
indicating register, and giving the passenger a receipt for the 
amount collected. The above methods are to be found on sub- 
urban roads rather than interurban. 

The purely interurban roads, those connecting a number of 
towns or cities, are now generally adopting some form of ticket. 
Because it is necessary to pick up passengers almost anywhere 
along the line, cash fares cannot be entirely avoided, but a well- 
devised ticket system similar, as far as possible, to the steam 
road plan, will greatly reduce the number of cash fares, for they 
are the principal source of loss to the company. The question 
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of ticket agents at once appears and whether their employment 
would pay. Tickets are sometimes sold by conductors on the car, 
but, where possible, this plan should be avoided. The employ- 
ment of ticket agents does not necessarily mean that they must 
be installed in railroad stations built for the purpose, because 
the line passes through a street in the towns and space can 
easily be obtained in some store or other place of business 
where the sale of tickets may be carried on. In the smaller 
towns the work of the agent is so light that the proprietor of a 
store on the line can usually be induced to look after the ticket 
sales for a small compensation. There is little chance to de- 
fraud the company by anyone under such a system. All tickets 



Fio, 215.— Style of Trimsfur Slip Used by tbc Brooklyn Rapid Transit Company. 

issued to agents represent so much money for whU-b an account 
must be ultimately given either in cash or tickets. Round trip 
tickets at a slightly lower rate than double the one way rate are 
the best form of ticket for any interurban road. Tliey form an 
inducement for their purchase, lessen the number of cash fares 
and insui'e the traveler's return over the snme road. Another 
reason why a ticket system should be used is, that a conductor 
can handle his business far easier than he can when a compli- 
cated system of cash fare registers is employed. 

A good example of a method of handling local and foreign 
cash fares, and interline ticicets, is furnished by a New Jersey 
interurban road which connects with a foreign road at both 
ends. Fig. 216 is a reproduction of the conductor's local cash 
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fare receipt. It ia printed id blue ink on white paper. On 
paymeDt of a caah fare the passenger receives one of these re- 
ceipts, which has been torn off by the conductor so ttiat the 

Iiemi i Nei Bidisiick Rulroid Co. 

^ CONDUCTOR'S RATE SHEET 

FARES BETWEEN STATIONS 



FULL FARE RATES 



._ — . — , Bt be iiBued where ratei are found 

OUTSIDK heavy bUck aquare. 

Fig. 317.— Conductor's Rate Sheet. 

highest figure in the left-hand column shows how much was 
paid. The conductor must i-eturn the other half to the office 
and the highest figure in the right-hand column shows how 
much he collected. The foreign cash fare receipt is printed in 
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red ink, on white paper, and is retained by the passenger until 
he gives it up to the conductor of the foreign road who accepts 
it as a ticket. The interurban road afterwards redeems these 
cash fares, paying the foreign roads the amount agreed on. 
These cash fare receipts are exactly alike except as to the color 
and title. The stations from and to which fare is paid are 
punched on both the passenger's receipt and the stub retained 
by the conductor. Fig. 217 shows the conductor's rate sheet, 
which indicates to the conductor that where cash fares between 
certain points fall outside the heavy black square he is to issue 
a foreign receipt, and when they are found inside the square 
a local receipt. An exceedingly simple arrangement. 

Figs. 218 and 219 are samples of interline tickets which are 
similar to those used by many steam roads. 

The Management and Discipline op the Men 

The conditions governing the relations between a railway 
company and its men on the largest systems differ somewhat 
from those on a road of average size, because the greater num- 
ber of men necessitates the employment of a number of sub- 
ordinate officials who must stand between the men and the 
real management, but the principle involved is the same. 

On the average road the superintendent, rather than the man- 
ager, is in direct contact with the men, and on the former de- 
pends chiefly what those relations shall be. 

He should possess executive ability in a marked degree to be 
successful, and his natural personal characteristics must be 
such that he can sustain more or less intimate relations 
with the men without loss of dignity. He must know them 
all personally, stand by them and respect them as gentle- 
men on all occasions. It has frequently been demonstrated 
that such a policy resulted in the popularity of the superin- 
tendent, and at the same time enabled him to maintain strict 
discipline. 

In many cases the principal reason why the men organize 
and form a union is because of a dislike of their superior officer, 
or what they consider unfair treatment at his hands. 

On every road the men may be divided into two classes — the 
young men who have no family ties, and the men of family with 
homes to maintain. The supposed unfair treatment is often 
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nothing but the exercise of necessary discipline over the 
younger men, the older rarely require it. Some of the men 
may consider trifling such offenses as entering a saloon at one 
end of a run while awaiting their leaving time, or smoking 
while the car is empty and running through outlying districts, 
but such violations of the rules should be suppressed with firm- 
ness, on account of the example it creates, and the effect on the 
public. There are many other small offenses which, if allowed 
to continue, will tend to destroy all discipline, and cause a cer- 
tain feeling of contempt among some of the men for their su- 
perior officers. At the same time it is quite possible to enforce 
the necessary discipline in a manner which is firm without be- 
ing offensive. 

There is no fixed method of maintaining good discipline, but 
the man in charge must know the railroad business throughout, 
especially the details of construction, operation and mainte- 
nance. He must have the implicit confidence of his men, and 
the reputation of being shrewd, honest and perfectly fair in the 
performance of his official duties. Executive ability implies a 
faculty for organization which is one of the greatest attributes 
to good discipline. Every man in the company should be made 
to thoroughly understand the service he is expected to give, 
and exactly what rank he holds. 

Some roads run on year after year without any trouble with 
the men as a whole, and if the latter are asked the reason 
they will almost invariably reply that they are satisfied with 
their treatment and believe their superintendent to be a fair- 
minded man who always regards them as men, and only calls 
them to account for infractions of the rules when they deserve 
it. They may also add that no favoritism is shown and all 
stand an equal chance for promotion. 

Many of the smaller roads at the present time require their 
men to remain on duty 12 or 13 hours a day at an hourly rate 
of 11 to 16 cents. Frequently, on special days, they are asked 
to work 16 or 18 hours with no extra compensation for the 
overtime. 

As a matter of fact it is the business of the management to 
get as much as they can from the men for the least pay, for it 
may be said that the stockholders, through the board of di- 
rectors, demand it. In such circumstances there are usually 
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evidences of bad or incompetent management. The equipment 
is running down because there is not a sufficient amount al- 
lowed for maintenance, both in the matter of supplies and ef- 
ficient workmen. The men are generally discontented, and take 
little interest in their work or the prosperity of the company. 
Rarely will good men stay on such a road unless compelled to 
by force of circumstances. The end is invariably reorganiza- 
tion and a change in the management. 

Is it to be wondered at, under such conditions, that the men 
organize for their own defense and form a union? The man- 
agement then has to face an entirely different state of affairs. 
They are usually first asked to recognize the organization, by 
which they are supposed to acknowledge that there is a union, 
consent to its existence, and receive and treat with a committee 
ostensibly representing all the men, when frequently only about 
60 per cent, of them have joined. Upon the answer to this ques- 
tion a good deal often depends. It should be given the most 
careful consideration as regards local conditions, the probable 
effect in the future, the practicability of securing new men, the 
means for protecting the property of the company, and most 
important of all the probable attitude of the general public 
in the event of a strike. 

If the past policy of the road and its manner of accommo- 
dating the public have been unsatisfactory to the latter, a re- 
fusal to grant the recognition demanded, if deemed advisable, 
should be made with the full knowledge of the influence of an 
adverse public opinion. If the public sympathizes with the 
men in a strike, the former are a far more formidable opponent 
than are the men themselves, and in manv cases are chieflv in- 
strumental in determining the final outcome. By the public 
are not meant those sympathizers, who may or may not be 
members of other labor organizations, a number of whom are 
often responsible for much of the violence attending a strike, 
but the citizens, the public press, and the business men as a 
whole. In many instances, in cases of this kind, it will be 
found the wisest policy to give the men the recognition they 
ask. 

There is little to be gained by actively opposing organization. 
The men have the right to organize and, if their leaders are in- 
telligent and capable, they are often able to better conditions 
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by stating their case fairly to the management, who in turn 
give them the view of the case from the company's standpoint. 
This often brings about a state of harmony eminently satis- 
factory to both sides. On the other hand, if the leaders of the 
union are not really competent men, and if the meetings are 
controlled by the votes of the younger element who in some in- 
stances would welcome the excitement attending a strike, the 
organization of the men has failed in its legitimate purpose, 
and disturbed conditions ensue, for which there is little ex- 
cuse and which surely work to the disadvantage of the men 
in the end. 

If in a case where the men have asked recognition, it has been 
thought best to grant it, other demands are usually made 
sooner or later. These most frequently consist of a request 
for an increase in wages, or a reduction in the hours of labor, 
which is the same thing. If either of these demands are 
granted it means an increase in operating expense. With this 
fact in mind a careful consideration of the situation, after a 
conference with the committee representing the men, should 
be made. If it should seem to be for the best interests of the 
company to make a slight concession in one or both these de- 
mands in the direction of a readjustment of wages and hours 
of labor, the decision is generally based on wages paid on 
nearby roads, on local conditions generally and especially on 
the financial state of the property. 

Any demands for the discharge of non-union men, or that 
union men only shall be given employment in the future, should 
never be granted. This is far too near an approach to the state 
of affairs where the men presume to direct the management. 
Some of the best-managed railway brotherhoods in the coun- 
try have declared that only the "open shop" principle is appli- 
cable to railway employees, and in this they are right, as ex- 
perience has proven. A railway employee should always be 
free to join a union or not, as he pleases, and if he does not 
the management should see that his interests are protected and 
that he is allowed to perform his duties without interference 
from his organized fellow employees. 

It is a recognized rule of the best railway employees' organi- 
zations that a strike is to be carefully avoided until, according 
to their views, there is no alternative, as history has shown 
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that any benefit to either side of the controversy has rarely 
resulted from them. 

In presenting their demands the men seldom expect to have 
them all granted. The smallest concession on the part of the 
company will often be sufficient to avert all trouble. Far too 
often are local organizations of the men ruled by incompe- 
tentSy and their influence is hurtful to their cause. On the 
other hand managers are frequently careless or blind to the 
conditions surrounding their men and fail to see the slightest 
justice in their demands. As one manager remarked: ^'Our 
road is profitable, we can afford to shut down for two weeks 
or a month and see how they like that." He apparently ig- 
nored entirely the power of public opinion. 

It is greatly to be regretted that street railway strikes in the 
past have nearly always been accompanied by scenes of vio- 
lence and by the destruction of the company's property. Prob- 
ably much of the damage has been caused by so-called sympa- 
thizers who were not in the employ of the road. The union 
generally cautions its members against violence, or the instiga- 
tion of it, but the control of all its members in such times is 
an impossibility. 

An extract from the decision of the anthracite coal strike 
commission of 1902 voices the opinion of the highest authority 
on the rights of an employee which is as applicable to the 
street railways as to the coal mine. It is as follows: 

"The right to remain at work where others have ceased to 
work, or to engage anew in work which others have abandoned, 
is part of the personal liberty of a citizen that can never be 
surrendered, and every infringement thereof merits, and should 
receive, the stern denouncement of the law. All government 
implies restraint, and it is not less but more necessary in self- 
governed communities than in others to compel restraint of the 
passions of men which make for disorder and lawlessness. Our 
language is the language of a free people and fails to furnish 
any form of speech by which the right of a citizen to work when 
he pleases, for whom he pleases and on what terms he pleases 
can be successfully denied. 

"The common sense of our people, as well as the common law, 
forbids that this right should be assailed with impunity. It is 
vain to say that the man who remains at work while others 
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cease to work or takes the place of one who has abandoned his 
work helps to defeat the aspirations of men who seek to obtain 
better recompense for their labor and better conditions of life. 
Approval of the object of a strike or persuasion that its purpose 
is high and noble cannot sanction an attempt to destroy the 
right of others to a different opinion in this resi)ect, or to in- 
terfere with their conduct in choosing to work upon what terms 
and at what time and for whom it may please them so to 

do." 

On some of the largest and best managed street railway sys- 
tems the men have never organized and show no inclination to 
do so. This condition has been invariably due to the careful 
attention given by the management to their welfare. They are 
well treated, well paid, and length of service means increased 
pay and additional privileges. The extent to which this wel- 
fare work is being carried is well illustrated by the recent 
action of the United Railwavs of St. Louis. A clubhouse is 
being planned, and a loan fund has been started. Employees 
can borrow from this loan fund without fee or interest to the 
entire amount of their indebtedness. They can then repay the 
loans in small installments. Employees of the road can be- 
come members of the hospital association by paying 50 cents 
a month. Two fifteen-room residences have been purchased and 
are being converted into modern hospitals. Men injured on 
duty, who are members of the association, will receive treat- 
ment free and J1.50 a day besides, while they are unable to 
work. Men injured when not on duty will receive treatment 
and 50 cents a day. The company recently purchased an old 
mansion, which is being fitted up as a clubhouse, and will be 
accessible to all employees of the company. A brass band will 
be organized, and the members furnished with instruments 
and uniforms. A plot of ground will also be fenced in to be 
used for ball and other outdoor games. 

What the average road needs above all other things is a 
superintendent who knows his business, and a man of ability 
he must be to hold the respect of his men. He should not be 
unwilling to listen to their suggestions regarding the operation 
of the road, for oftentimes thev have ideas which mav be of 
value to the company. A bow and a pleasant word on meeting 
them on the street, goes a long way toward building up good 
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feeling. It is unnecessary that he should have been one of 
themselves, risen from the ranks, but he should be able to view 
matters from their standpoint as well as from that of the 
company, and while he should be firm in the exercise of his 
authority for lapses of duty, under no circumstances should he 
reprimand an employee on duty in the presence of passengers 
or of his fellow-men. 

"All things considered, the position of a conductor or motor- 
man on a large city system is no sinecure. The work to do 
is often exceedingly trying, mentally and physically. They 
suffer from the indignation of every hot-tempered individual 
who considers himself abused, and from the vagaries of every 
crank dissatisfied with the conditions under which he lives. 
Too frequently a peppery man or woman blames the innocent 
motorman or conductor for faults of the corporation that em- 
ploys him, for which he is not responsible in any way. If a 
line is blocked, if a car is delayed, or if the service is inade- 
quate, the conductor must listen to exasperating remarks in 
silence. If a motorman neglects to stop for a would-be passen- 
ger, the crew of the next car is sure to catch it. If the motor- 
man stops for all who want to ride, the passengers already 
aboard begin to growl at the delay. In more serious cases, 
when a venturesome child, trying to see how long he can remain 
on the track without being struck, miscalculates and is run 
down, the blame is always put on the motorman, and some- 
times a coward in the crowd tries to incite an attack on him. 
Under such conditions the railway employees work, most of 
them holding their tempers, restraining their desire to ^talk 
back,' assisting passengers when they may and making gener- 
ally a most creditable attempt at it." 

The following abstract from an open letter written by the 
management of the United Railroads of San Francisco to 
the men is a remarkably concise, well expressed statement of 
the relations expected to be maintained between the company 
and their employees : 

To Applicants and Employees : The chief requisites necessary 
to obtain employment and to retain your position are these : 

First : You must be honest. The dishonest man cannot con- 
tinue long in any service. 

Second : You must be patient and polite to the public. The 
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company realizes that frequently passengers may be unreason- 
able in their demands or exasperating in their manner, and 
that at times it will require an effort on the part of the em- 
ployee to refrain from resenting what appears to be an insult or 
a lesser imposition. But the ability to control your own tem- 
per is one of the ver^' necessary qualifications of the service. 

Third : You must never lose sight of the fact that your reck- 
lessness, your carelessness, or your negligence may render you 
responsible for the loss of a human life. Never take a chance. 

Fourth: Observe strictly the general rules of the company. 
They have been carefully drawn to protect life and property, 
and to give the public the best possible service. The employee 
who observes the four cardinal rules above set out may feel as- 
sured: 

First: That he may have continuous employment with this 
company. That he is as much a part of the company as are any 
of its officers. 

Second: That no political or outside influence can unjustly 
deprive him of his position. 

Third: That in making promotions the company will give 
preference to its most faithful and competent men where it is 
possible to do so. The highest position in the gift of the com- 
pany is open to the qualified employee. 

Fourth : Special meritorious acts by men with a good record 
will always be recognized. 

The new employee on entering the service may find men who 
do not come up to the standard set out above, and he may be- 
lieve that such delinquents are successfully deluding the com- 
pany. The man who indulges this thought deceives no one 
but himself. The great majority of our employees are honest, 
capable, industrious men. There are some, as a matter of 
course, who are indifferent, but the new employee will discover 
that such men seldom last long. 

The company is more than willing to deal fairly with its em- 
ployees, and it demands in return that employees deal fairly 
by it. When the company takes you into its employ it is re- 
posing special trust and confidence in you and those who have 
indorsed and stood sponsor for you, a trust which I hope the 
future will more than justify, and that you may ever« stand on 
our records as honest, faithful, careful employees. 
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Electric Railway Accounting 

The subject of accounting, except on the larger railway sys- 
tems, has not been given the prominence it deserves. An ac- 
counting department for a road of average size is generally 
regarded as an appendage which would not be carried if it were 
possible to discover some way to get along without it. The 
capacity of the department for furnishing statistical informa- 
tion of the most vital importance for the guidance of the 
operating department is unknown to some and ignored by 
others. 

It is commonly known as the bookkeeping end of the rail- 
road business, and the proper accounting for income produced 
by ticket sales and cash fares, as well as the recording of bills 
payable, is the limit of the duties it is expected to perform. 
The common impression that it is not a revenue producing de- 
partment is true in one sense, but decidedly erroneous if con- 
sidered from a different viewpoint. A well equipped, well man- 
aged accounting department can be made to take as important 
a part in the revenue producing business of the company as 
any other department. The only difference in this respect be- 
tween the accounting department and the others is that its 
revenue producing capabilities are indirect. Do not carefully 
prepared monthly reports on the financial condition of the 
company, together with statistics of operation, furnish a basis 
of information by comparison with past performances for the 
management by which they are able to decide intelligently as 
to the future methods to be adopted? When the effect of a 
certain policy in operation shows a marked increase in earn- 
ings or a decided falling off, as reported by the accounting de- 
partment, is not that department an indirect assistance to 
revenue production by enabling the management to continue 
the one policy or discontinue the other? If the accounting de- 
partment "did not furnish this information, which is often of 
great importance to successful operation, who would? 

Nevertheless it is a fact that on the majority of electric rail- 
ways of average size, both interurban and urban, the only sta- 
tistics the management seems to care for is a monthly state- 
ment of i;he gross earnings and operating expense. The 
accounting department of such roads could consist of one man 
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whose duty would be to count and record the daily receipts, 
. from which he could arrive at the gross earnings and record 
the bills payable and the salary list, which labor and material 
furnish the operating expense. Instances are known where an 
interurban road operating six or eight cars was officered by 
a superintendent and a car starter only ; there may have been 
a secretary and a president in a distant city, but they were but 
figureheads so far as operating the road was concerned. The 
accounting department of this road, as well as all the other de- 
partments, except the power station, was the superintendent, 
and he had no clerks, and the general consensus of opinion 
was that he earned hlis salary. But still another instance of a 
combined city and interurban road owning 23 cars with gross 
earnings averaging nearly ^10,000.00 per month is entirely 
handled by a manager, a superintendent and a master me- 
chanic. All accounting is done by the first two and no clerks 
are in evidence. Evidently statistical information for this 
road is sadly lacking. 

The accounting of a large steam road is usually undertaken 
by four of five subdepartments known as the Purchasing, Pas- 
senger Receipts, Freight Receipts and Disbursing departments, 
all of which have their separate heads who report to the comp- 
troller. The Treasury department is separate and under the 
treasurer. The average electric railway necessarily combines 
these all in the one accounting department, and the number of 
clerks or assistants required depends entirely on how much in- 
formation the management desires, and often a change in man- 
agement makes a considerable change in the size and impor- 
tance of the accounting department. 

All progressive managers wish to be supplied with certain 
statistical information each month. Sometimes the regular 
monthly report contains all the information desired, but often 
much information pertaining to the running of the operating or 
mechanical departments is desired in addition. The graphic 
method of presenting statistics should be followed whenever 
possible. Instead of being compelled to look over columns of 
figures to make the examination and comparison desired, this 
method gives the data reduced to curves plotted from two 
variables, one horizontally and the other vertically. A con- 
venient form in which to keep such curves is a loose-leaf data 
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Fio. 220. — A Graphic Method of Compiliog Operating Statistics. 
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book, the pages of which are about 4 inches x 7^ inches and 
ruled in cross-section. Fig. 220 illustrates one method. The 
amounts in the vertical column differ by f 1,000 per division, 
and the horizontal divisions are months. Different years are 
compared on the same sheet by drawing the curves in colors or 
broken lines. 

Fig. 221 gives another example of the use of curves showing 
the yearly variation in platform expense. In the same manner 
could be shown car mileage and car hours, operating expenses 
per mile and per hour, earnings per car mile and car hour, re- 
ceipts per passenger carried, expense of maintenance of way, 
power station operation and output and a hundred other 
records. A comparison of car miles or car hours with oper- 
ating expenses and earnings month by month for two or more 
years is possible on the same sheet. Some interesting facts are 
sure to be discovered. 

So much has been said and written about the importance of a 
standard system of electric railway accounting that little can 
be added, but it is a cause for congratulation that almost every 
railway which does any accounting has adopted in full, or in 
part, the standard system of electric railway accounting de- 
vised and recommended by the Street Railway Accountants' 
Association of America. 

Electrolysis and its Prevention 

In the ordinary grounded system of continuous current 
power distribution employed by the electric railways in most 
of our cities, the current utilized by each car passes from the 
wheels into the rails, which are supposed to return it to the 
power station. But the rails are in contact in numberless lo- 
cations with the moist earth which acts as a medium for con- 
ducting a portion of the current to the nearest water or gas 
pipe forming a part of the great network of pipes underlying 
the whole city. This portion of the return current follows 
the path of least resistance through the piping systems until 
it reaches the vicinity of the power station, when it usually re- 
turns to the rails which are directly connected to the negative 
bus bar. The total current from the cars divides between 
these two return circuits, the rails and pipes, exactly in pro- 
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portion to the resistance it encounters in each. A thorough 
investigation of the various ramifications of the grounded cur- 
rent in a large city forms a most interesting study. 

Electrolysis, as commonly understood, is the electrolytic ac- 
tion sometimes set up when a current leaves a metallic surface 
buried in moist soil. If the moisture is caused by pure fresh 
water, it may act as an insulator, and electrolysis will not take 
place; also if the current is of large volume, that is, if the 
density per unit of area becomes very great, electrolytic action 
practically ceases and the energy appears as heat. Certain 
characteristic appearances which occur on damaged metallic 
pipes are very difficult to identify as being caused by electrol- 
ysis. It has been found that similar conditions are also pro- 
duced on metallic surfaces by the corrosive action of the soil 
alone. Water pipes laid along the roadbed of a steam road 
constructed principally of cinders have been known to suffer 
serious damage when no electric current was present. Simi- 
larly a water main entering a large city was damaged by the 
action of the soil alone. 

In cases where pipes have suffered damage it is sometimes of 
the utmost importance to the railroad company, whose lines 
may be in the vicinity, to determine whether it is caused by 
electrolysis or by natural corrosion. One method for deter- 
mining this has been used which is quite positive in results, but 
takes time. 

The pipe is exposed for about 8 feet of its length. Two cast 
split sheaths or sleeves are made of approximately the same 
composition as the pipe. These are about three times as long 
as the diameter of the pipe, and are fitted around it. One is 
brought into good electrical contact with the pipe by cleaning 
and amalgamating, and the other is insulated by a sheet of 
rubber packing, or other equivalent non-absorbent insulator. 
A record of their weights is obtained before they are placed ip 
position. They are then applied to the pipe, the earth filled in, 
the paving replaced and the whole left undisturbed for about 
six months. They are then removed and carefully cleaned by 
scrubbing with a bristle brush and crude oil. They are then 
dried and reweighed. If electrolysis has been present the un- 
insulated sleeve will weigh considerably less than it did at first, 
while the insulated one will lose but little. If electrolysis has 
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not taken place the.v will both lose about the same amouat due 
to natural coprosion. Fig. 222 illustrates this test. 

Conditioua affecting the presence of electrolysis vary greatly 
in different cities. The relative positions of the principal 
power station and the pumping station of the water supply 
have a marked influence. When these two centers of distribu- 
tion are close together there is less opportunity for electrolysis 
to occur. This is because the greater number and size of the 
water mains espose a much greater surface area, and they are 
able to give up to tbe rails a large volume of current per unit 
area without raising the potential to the danger limit. At tbe 
same time tbe area of tbe pipe surface continually decreases 




Fro. 2^.— Method of Testing for Electrolysis. 



in the ontlying districts, where the current density in the rails 
is also at a minimum. Thus the normal resistance between tbe 
rail and the pipe is greatest at these points where the poten- 
tial difference is at a maximum. Under these conditions in 
outlying districts, with fairly good bonding, there is little 
tendency on the part of the return current to take to the pipe. 
It will be usually found, in a case like the above, that tbe 
potential differences found all over tbe system will average 
higher than one where the power station and source of water 
supply are widely separated. This would formerly have been 
considered as indicating tbe presence of, or danger from, elec- 
trolysis when high potential differences were the only means 
for predicting electrolytic damage. This was often mislead- 
ing, for the reason that the higher tbe earth resistance the 
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greater the difference of potential that can exist between the 
rail and the pipe. 

A pavement which is practically impervious to surface moist- 
ure, such as asphalt, brick or Belgian block, when laid on a 
foundation of concrete 4 inches to 8 inches thick, offers protec- 
tion to underlying pipes. Under these conditions the electro- 
lyte in contact with the pipe has not the circulation, nor is it 
replenished with moisture, as in an open street. It has been 
found that when the active materials in an electrolyte sur- 
rounding a pipe have .been reduced the chemical action ceases, 
and will not be renewed until the voltage rises to approxi- 
mately 1.5 volts between the surface of the metal and the elec- 
trolyte. At this potential water can be decomposed and the 
oxygen released oxidizes the metal of the pipe. The rate of de- 
preciation of the pipe is reduced by the film of oxide formed on 
the surface of the pipe, for it seems to have a certain screen- 
ing effect against the influence of the current flowing, and the 
actual metal destroyed after the pipe has received this film of 
oxide rapidly decreases with time and the continued action of 
the current. 

It should be understood that the only potential which is act- 
ive is that which exists between the pipe surface and the elec- 
trolyte immediately surrounding the surface. The difference 
of potential existing between the rail and the pipe does not 
always indicate the potential which may be found between the 
pipe surface and the electrolyte. The fall of potential along 
this path between the rail and the pipe depends upon the re- 
sistance of the surrounding earth, the resistance of the contact 
between the electrolyte and the pipe and the resistance of the 
paving. It is therefore evident that the normal earth resist- 
ance plays an important part in determining whether the po- 
tential at the surface of the pipe will rise to such a value that 
electrolysis will take place. 

A method of testing this condition is as follows : The earth 
must not be disturbed around the pipe; the instrument used 
must not introduce a resistance into this circuit which would 
disturb the normal difference of potential that exists between 
the electrolyte and the pipe surface; and the test plate must 
not produce any local electromotive force which would disturb 
the true conditions. To accomplish this a cadmium plate may 
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be UBed for a test plate and the Poggendorf method of test 
followed. In thia method the electromotive force to be meas- 
ured is balaDced against a Iidowd opposing electromotive force 
by means of an external resistance the value of which \a known. 
Fig. 223 illustrates how the test is made. A small opening is 
made in the street over the pipe and the test rods driven down 
until one is in contact with the pipe, and the cadmium tip on 
the other rod is adjacent to the pipe. The connections are 
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Fio. 33S.— Method of Determiniag Potential between Hpe aod Electroljle, 

then made as sbown in the flgnre and the measurement of po- 
tential taken. 

A frequent cause for electrolysis is found in cities through 
which a river flows. It is due to the fact that the systems of 
piping on both sides are nsually connected by a few large 
mains passing beneath the river. The effect of this is to con- 
centrate the current collected over large districts on these few 
mains, and trouble has occurred especially where the power, 
station is located on the bank of the river near them. Here 
the current must be drawn from small surface areas of piping, 
and electrolysis may take place due to this concentration if 
proper remedial measures are not taken. 

It should be the endeavor of all electric railway companies 
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to prevent, as far as possible, the escape of their current from 
the rails to the pipes. Engineers have applied a number of 
methods which have been successful in reducing the volume of 
these stray currents very materially. The first question that 
arises in an investigation of existing conditions is whether the 
current is being diverted from the rails to the piping system 
through any metallic contacts. In cases where pipes have been 
carried over steel bridges and are in metallic contact with the 
structure, if the rails of the railway are also in contact at any 
part of the structure a metallic connection for the current is at 
once established. To remedy this the pipe is sometimes in- 
sulated from the structure by wood or other insulating material 
which can withstand the stress of the weight. Another 
method is to use insulating joints at both ends of the bridge 
in the pipe. Metallic connections are sometimes formed be- 
tween the rails and piping system by gate boxes of metal, some- 
times consisting of pipes which rest on the valve in the main 
pipe and terminate at the street level with a metallic cover. 
These are occasionally found in contact with the rail. The 
best remedy is the use of a wooden gate box, for its only use is 
to enable the valve below to be operated from the surface. 
Service gas pipe has also been found in contact with the rail. 
When permitted by the water company metallic connections 
were frequently made between the rail and pipe in early days, 
and in all probability many of these still exist. In some cases 
they were undoubtedly made when their advantages or dis- 
advantages were not fully understood. These should be lo- 
cated and removed if it is found that the current flows from the 
rail to the pipe through them. Under some conditions, where 
the current flows the other way, it may be advantageous to 
allow them to remain, and thus relieve the pipe, especially if 
the power station is nearby and the rail return not overloaded 
at that point. There are various other ways in which the me- 
tallic connections between rails and piping systems may have 
accidentally been formed, and the important question is how to 
locate them exactly. 

It may be accomplished by dragging metallic brushes over 
the rails, mounted on a separate truck, the two wheels of which 
are insulated from each other. The usual practice is to place 
a pair of these brushes on each rail, 4 feet apart, and connect 
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them to a milli-voltmeter. The instrument will show the di- 
rection of the current in the rails at all times, and while it 
will be normally toward the power station, if there is a metallic 
connection with a pipe the flow of current on the rail will re- 
verse and flow away from the power station if near the con- 
nection, and will again reverse as the point is passed over by 
the brushes. It is then known to be between the test car and 
the power station. By passing over these points several times 
the point of connection can be located within a very few inches. 
It is usuallv necessarv to carrv on the car a rheostat with a 
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capacity of 100 to 200 amperes, to be used directly between the 
trolley and the track in localities where the normal current 
density in the rails is low. A negative return feeder con- 
nection to the rails will give exactly the same indications on 
the instrument, but these feeder connections are known to the 
railway company and should not be confounded with con- 
nections to pipes. It should be understood also, in making 
this test, that there are other causes for the reversal of the 
current in the rail. Intersecting railways at grade, both steam 
and electric, will sometimes cause it, due to bad bonding at 
these points. In a city system especially, the return current 
does not always select the shortest paths to the power station, 
but will take that of least resistance, and, where a stretch of 
bad bonding occurs, the current will reverse and return over 
some other parallel line. Careful observation will soon enable 
the engineer to distinguish between the different causes of re- 
versal. 

Some gas companies have successfully avoided electrolysis 
by using insulated pipe joints, thus breaking the continuity of 
the system as an electrical conductor. In some cases, where 
the water main is laid directly under the track, a plate of cast 
iron was placed in the ground between the pipe and track, and 
electrically connected to the pipe. This had the effect of trans- 
ferring the electrolysis from the pipe to the plate, and in 
strictly local conditions it is a good preventive of damage. 

In some city railway systems, where radial or parallel lines 
offer different degrees of conductivity due to good and bad 
bonding, the current will leave the poorly bonded track, enter 
the intervening piping system and cross over and return 
through the well bonded track. When this shuttling action 
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occurs on the intervening pipes, the pipe paralleling the well 
bonded track becomes positive to the rails throughout its 
length. The remedy for this is, of course, the rebonding of the 
track which requires it. 

In any system it is very important to locate all metallic con- 
nections between the pipe and rail which have been purposely 
made, and determine their value as an auxiliary return 
circuit to the power station. If the current returned to the 
station through a negative feeder connected to the piping sys- 
tem in the vicinity is not over 5 or 10 per cent, of the total re- 
turn, it is safe to assume that there are no metallic connections 
on the system, but that the current so returned comes from 
earth leaks. 

Reducing the rail resistance increases the flow of current on 
the rails and, proportionately, reduces the portion of the cur- 
rent returned by the pipe system. If the ground return feeders 
from the rails to the negative bus are connected to the rails 
at points symmetrically located with reference to the volume 
of current they return, a large unipotential area can be formed 
in the vicinity of the power station. This means that if one or 
more points on the railway not very far from the station are 
congested by traffic and the current density in the rails at these 
points is high, negative feeders connected to the rails at these 
points will relieve the vicinity of the power station and reduce 
the risk of electrolysis. This arrangement brings down the po- 
tential difference between the pipes and rails in the area sur- 
rounding the station to a point where it will not be sufficient to 
produce a destructive action on the pipe system. In a large 
city with properly connected negative feeders it is found that 
the neutral area floats over considerable territory dependent 
upon momentary conditions of the load, with the result that 
the pipe becomes positive to the rail one moment and negative 
the next. The alternating action thus set up renders elec- 
trolysis impossible where it occurs. 

A common method of protecting the pipes is the so-called 
^^drainage system," where negative feeders are connected to the 
pipe system and conveyed back to the power station. This 
method has been used quite extensively and with fair results, 
but it must be intelligently done or damage may still occur. 
In attempting to use this method the piping system should be 
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carefully studied, as it has been found that certain main& 
form an arterial system through which the majority of the cur- 
rent returns. These are obviously the pipes which should be 
bled of their current, and not a small pipe near the power 
station which might become overloaded with current, produc- 
ing a considerable fall of potential along its length, and cre- 
ating a potential difference through which electrolysis might 
result. 

It is often important to determine the amount of current 
flowing through a pipe, and the best method of doing this, 
where the pipe can be exposed, is as follows : Connect the leads 
from a milli-voltmeter to the pipe, 4 feet or 6 feet apart, to 
measure the drop or fall of potential along the pipe. Just out- 
side these points connect two clamps carrying a low resistance 
cable between them, in which are inserted an ammeter and 
switch. Bead the milli-voltmeter when the switch is open, 
and again when it is closed, and also the current through the 
shunt cable. After a few readings it will be found that the 
difference in drop, with the switch open and with it closed, will 
bear a constant relation to the current through the shunt wire. 
From this the pipe can be calibrated in milli-volts per ampere 
and correct results obtained. 

In beginning the electrolytic survey of a city it is the cus- 
tom to measure the potential difference between the water 
system and the rails at a great number of points. For this 
purpose clamps are used for making connections to hydrants. 
An important addition to the potential measurements not al- 
ways employed is the use of a shunt cable, including an am- 
meter and switch, connected to the hydrant and rail, inde- 
pendently of the pressure wires. It is then used exactly as in 
measuring current flow on a pipe above described. It enables 
the engineer to determine other conditions not shown by the 
potential test alone. The resistance of the earth between the 
pipe and rail can then be determined in each instance, and 
serious conditions are seen almost at a glance. If, on closing 
the switch, the voltmeter needle falls nearly back to zero, it 
indicates a very high earth resistance, and when it falls very 
little with a high current and the voltage is at a dangerous 
point trouble may exist. 

Potential contour maps are of great use in obtaining a gen* 
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«ral idea of the situation. From the readings obtained above, 
a map based on potential readings only can be made by drawing 
lines on a map of the city through points of equal potential, 
say red in color for readings where the pipe is positive to the 
rail and black where it is negative. A zero line will also be 
found which can be dotted or indicated in another color. This 
shows where the potential differences changed sign, and it usu- 
ally indicates the maximum flow of current on the pipe sys- 
tem. In appearance such a map is not unlike the daily weather 
map issued by the Weather Bureau. Such a map shows at a 
glance the positive and negative areas in the city and indicates 
clearly where electrolysis may occur. The general condition of 
the bonding can be seen reflected by the pressure areas. 

Another form of contour map is made by taking potential 
readings at various stations in the city between the rails at 
these points and the negative bus bar at the station, and also 
between the pipe system at the same points and the bus bar. 
To do this, of course, one pressure wire is needed leading back 
to the station, and it is necessary to request the assistance of 
the local telephone company in most cases, who can make the 
connection through their distribution board at the exchange. 
Electrolysis is now much better understood than formerly and 
troubles arising from it are not so frequent, due to intelligent 
remedies^ and especially to better bonding of the track. 
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Accounting, 384 
Air pump motor circuits, 182 
Armature coils, removal of, 308 
Armature jack, 272 
Armatures, movement of, 311 

rewinding of, 30J5 

stand, 317 

truck, 311-312 
Atlas rail joint, 50 
Autographic bond tester, 292 
Axles, 336, 339 

composition, 339 

for elevated road, 342 

interurban, 341 

standardization of, 340 

Battle Creek track construction, 58 

Bearings, rebabbitting of, 304 

Block signals. See Signals. 

Bonding. See Track. 

Bond testing, 291 

Boston Elevated, details of contact 

shoe, 106 
Boston, rail, composition, 44 
Brakes, 229 

air, automatic, 238 

cost of maintenance, 237 
distance, travel, 236 
energy consumed by compress- 
or, 236 
double, 235 
shoes, 341 

composition, 343 
for cast wheeU, 345 
for steel-tired wheels, 345 
storage, air, 232, 234 
straight, air, 232 
Braking, emergency stop, 233 
distance, 230 
power, 230 
shoe pressure, 233 
stop car with trolley off, 241 
Bridges, 25 
Bucking, 242 

Buffalo, rail, composition, 44 
track construction, 56 

Car body, protection of, 177 
crew, instruction, 322 
dimensions, 142-143 



Car (continued) 

derrick, home-made, 313 
equipment, life of various parts,. 

330 
four- motor vs. two-motor, 163 
heating, 166 

circuits, 172, 181 

selection of system, 168 
house, class work done at, 320 

concrete steel, 255 

design of, 251 

fire protection, 256 

fire risk, 257 

heating, 262 

inspection, 321 

insurance, 256 

lighting, 262 

location, 70 

machine tools necessary, 256 

pit lighting, 263 

roof construction, 254 

sprinkler system, value of,. 
258 

style of building, 253 
jack, 273 
lighting. 166 

circuits, 181 
lubrication. See Lubrication, 
shop, plan of, 274 
trucks. See Trucks, 
wheels. See Wheels, 
wiring of, 173 

diagram, 176 

rules, 177 
Cars, all steel, 149-150 
for different cities, 141 
four-motor, 119 
freight, 358 
heavy, steel, 145 
interurban, 144-147 

data, 148 
maintenance of, 319 
motive power required for oper- 
ation, 191 to 194 
passenger, specifications, 152 
power required, a. c. operation, 
205 

required, d. c. operation, 205 
repairs, 319 
selection of, 133 
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Cars (continued) 

Bemi-convertible, city and sub- 
urban, 137 
single truck, closed type, 134 

opened type, 135 
standards, city, 140 
steel, city, 139 
trailer, 119 
advantages and disadvantages, 

123 
interurban, 121 
operation of, 117 
unloading of, from flat-cars, 313 
washing of, 309 
Cash fares, 365 
Cast-welded joints, 59 
breakage, 61 

electrical conductivity, 60 
Cast welding, cost of, 63 
Catenary. See Distribution. 
Chicago and Milwaukee Railway, 

overhead construction, 79 
Cincinnati track construction, 53 
Circuit-breakers, testing of, 309 
Cleveland fancy bracket, 76 

trailer cars, 121 
Coal, cost of delivery, 68 
Collection of current. See Distribu- 
tion. 
Commutators, rebuilding of, 306 
Continuous rail joint, 51 
Contracts, letting of, 20 
Control, automatic, 246 

diagram, Westinghouse, a. c.-d. c, 

216 
electro-pneumatic, 246 
General Electric, a. c, 2J1 
General Electric, a. c.-d. c, 214 
hand, a. c, 205 

multiple unit. General Electric, a. 
c.-d. c, 221 
first, 240 

General Electric, a. c, 218 
Westinghouse, 246 
preventive coils, 209 
rheostatic, 239 
Controllers, 238 

diagram. Westinghouse, a. c, 207- 

208 
history, 239 
inspection of, 326 
K-28-D, 243 
K-28-D, diagram, 244 
rheostat, 240 
Culverts, 25 

Current collection. See Distribu- 
tion. 
Curve limits, 13 
Cut-outs on car, 179 
Cuts and fills, cost of, 35 



Denver, rail, composition, 44 
Derrick car, home-made, 312 
Distribution, center pole construc- 
tion, 73 
circuity 72 

cross suspension trolley wire, 72 
current collection, devices for, 98 
lightning arresters, 77 
overhead "catenary, 84 
messenger wire, 81 
suspension, 79 
overhead construction, 72 
at comer, 75 
at street crossing, 73 
details of, 74 

double catenary hanger, 85 
fancy bracket, 7ft 
interurban, 77, 80 
steam road crossing, 70, 81 
line, emergency, repairs, 282 
emergency station, equip- 

ment, 283 
maintenance, 282 
maintenance, cost, 285 
pole- line for trolley, cost of, 34 
system, analysis, 286 
inspection of, 286 
return, testing of, 290 
testing, 288 
third-rail, 87 

contact shoe, 103 
guard. 88 
shoe, 89 
sleet brush, 90 
standard position, 95 
steel shoe, 105 
under- running. 93 
trolley base, 102 
bow, 105 
harp, 101 
inspection of, 326 
pantagraph, 107, 217 
poles, 101 

wheel, capacity, 100 
composition of, 101 
life of, 100 
standard, 99 

Earnings, city railways, 2 
interurban railways, 3 
probable, 1 
Electrical repairs, cost of perform- 
ing various operations, 301 
Electrolysis, 387, 389 

current in pipe, measurement of, 

396 
drainage system, 395 
insulated pipe joints, 394 
metallic connection, rail and pipe, 
location of, 393 
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Electrolysis (continued) 

potential between earth and pipe, 
391 

potential between earth and pipe, 
measurement of, 392 

prevention of, 387 

protection of pipes, 391 

survey for, 396 

testing for, 390 
Kmergency repairs, 282 

stations, 283 

station, equipment, 283 
Employees, management of, 376 

rules, governing, 382 
Energy, consumption, eflfect of stops 

on, 15 
Estimates, preliminary, 1 
Express cars, earnings of, 360 

business, amount of, 356 

classification of, 356 

milk, carriage, 357 

traffic, 354 

Fare collection, "coflfee pot," 367 
on interurban lines, -371 
"Pay as you enter," 369 

register, 366 
Freight, business, amount of, 355 

cars, earnings of, 360 

classification of, 355-356 

equipment, 358 

traffic, 354 

trains, 368 

Gear case, 197 
ratios, 190 ' 
Grade limits, 13 

Heating car house. See Car House, 
cars. See Cars. 

Indianapolis and Cincinnati cate- 
nary construction, 83 
track construction, 53 
Inspectors, education of, 324 
Inspection system, 326 

Jib-crane, design for, 275 
Jim crow bar, design for, 315 
Joints. See Tracks. 
Journal box, design for, 347 

Lighting car house. See Car House. 

cars. See Cars. 
Lightning arresters^ 77, 184 
Location. See Railways. 

interurban railways. 5 
Long Island Railroad, third-rail lay- 
out, 92 
Lubricants, 346 

consistency of, 352 



Lubrication, automatic oil-cups, 350- 
351 
car, 345 
cost of, 353 
grease cups, 349 
oil-feeding device, 349 
with rollers, 352 
wool waste, 351 

• 
Machine shop, cost of performing 

various operations, 300 
Maintenance of equipment, 319 
Management of men, 376 
Manhattan Elevated, sleet brush, 90 
Men, management of, 376 
Middle ordinate of curves, 33 
Milk, carriage of, 357 

charges for, 357 
Milwaukee, rail used, 39 
track construction, 57 
Miscellaneous subjects, 354 
Motor, air-pump, 182 
bearings, 353 

capacity, selection of, 13-17 
circuits, 182 

connections, 185, 186, 187 
efficiencv, 195 
gear case, 197 
mechanical details, 196 
Motorman, education of, 323 
Motors, 189 

a. c. control. See Control, 
current consumption as affected 

by gear ratio, 191 
gear ratios, 190 
single-phase, 198 
performance, 203 
performance on d. c. circuit, 
204 
inspection of, 326 
maintenance of, 319 
speed, as affected by gear ratio, 
191 

National electric code rules, 177 
New York Central Car, 150 
third rail, 93-94 
Elevated wheel, 330 
surface lines wheel, 330 
North Shore Railroad, San Fran- 
cisco, third-rail lay-out, 91 

Oil cups, 250 

Operation department, 328 
of trains. 111 

Paving, cost of, 63 

Philadelphia, rail, composition, 44 

rail used, 42 

track construction, 53 
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Piece-work system, 295 
Pipes, current in, measurement of, 
396 
insulated, joints, 394 
protection of, from stray cur- 
rents, 391 
Pit lighting, 263 

Power at switchboard required to 
drive cars, 165 
consumption at different speeds, 

16 
station, coal, cost of delivery, 68 
economical location, 68 
location of, 65 

water demanded, per kilowatt, 
67 
time curves, 193 
Preventive coils, 209 

Rails. See Track. 
Railways, city, location, 9 
electric vs. steam, 152 
interurban, field engineering, 11 

location, 5 

location, permanent, 11 
steam, competition w^ith, 4 
Real estate agent, 18 
Repair men, education of, 324 
shop, armature jack, 272 

car jack, 273 

cost of electrical repairs, 301 

cost of work, 300 

design of, 265 

form for cost keeping, 299 

general repairs, 297 

jib crane, design for, 275 

location, 70 

location of departments, 271 

operation, 295 

piece-work system, 295 

premium system, 297 

work, cost of, 300 
Rheostats, 240 

Right of way, land required for, 19 
Road-bed. See Track. 
Rolling stock, 133 
Rolling stock. See Cars. 
Roof, mill type, 254 
Route, selection of, 8 
Roadmasters, rules for, 30 

St. Pnul track construction, 58 
San Francisco, rail, composition, 44 
Schedules, 108 

Schenectady' railway wheel, 330 
Shop kinks, 303 
Signals, 124 
block. 127 

automatic, 128 
manual. 128 



Signals, block (continued) 
normal danger, 129 
normal safety, 129 
used bv motormen and conductors, 

'll3 
used by track, bridge, and line- 
man, 113 
Snowfall, amount of, 364 
Snow fence, 363 

design for, 359 
handling of, 360 
plows, 360 
removal, cost of. 364 
sweepers, 360 
Soils, bearing power of, 66 

shrinkage of, 24 
Speed-energy curves, 194 

-time curves, 193 
Sprinkler system, installation of, 
' 259 
value of, 258 
Steam operation compared with 
electric operatibn, 152 
railways, competition with, 4 
Stops, proper, frequency, 17 
Stray currents. See Electrolysis. 
Surveys, preliminary, 7 
Swing links, replacement of, 305 
Switches. See Track, 
on car, 179 

Third rail. See Distribution. 
Tickets, 365 

interline, 376 
Ties. See Track. 
Time tables, 108 

official, 108 
Track, ballast, cost of, 279 
Tires, steel, 333 
interurban, 337 
life of, 334 
Tower wagon, equipment, 284 
Track ballast, cost of, 34 
importance of, 47 
required per mile, 33 
selection of, 27 
bonding, cost of, 34 
bond tester, 291 
centers, determination of, 10 
construction, 27 
costs, 34 
in cities, 52 
in fourteen cities, 43 
Indianapolis, 53 
interurbaji, 27 
crossover, laying out of, 32 
curve limits, 13 
degree of, 30 
middle ordinates, 31, 33 
radi'"» o' '*n 
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Track (continued) 

cuts and fills, cost of, 35 
dimensions for different cities, 

141 
frog, number of, 31 
grade limits, 13 
grading, cost, 34 
labor, cost of, 279 
maintenance, 278 
paving, cost of, 63 
rails, 36 

bonds, 64 

cast welding, cost of, 63 

center, bearing, 38 

composition, specified in vari- 
ous cities, 44 

cost, analysis, 46 

current in, 293 

electric, welding, cost of, 62 

expansion of, 30 

girder tram, 37 

joints, 36 
"Atlas," 50 
bolted, 50 
continuous, 51 

. cast-welded, 59 
standard, 28 
Weber, 51 

life of, 49, 278 

life, prolongation of, 61 

Milwaukee, 39 

renewal, cost of, 278 

selection of, 28, 45 

specifications for, 48 

standard "T," 36 

stiffness, 46 

strength, 45 

temperature, when laid, 48 

"Trilby," 38, 42 

weight of, 30 

sixty- foot, advantage of, 47 

space between ends, 30 

special work, life of, 45 

steel, cost of handling, 34 
roadbed, drainage, 280 

sections for, ,36 

specifications for, 23 
sections, length of, 279 
soils, shrinkage of, 24 
switches, lead of, 31 

spring, 29 
ticH. cost of handling, 34 

life of, 29 



Track ties (continued) 
standard, 28 
wood for, 29 

turnout, laying out of, 32 
Tractive effort, 192 
Traffic, estimate of, 1 
Trail cars. See Cars. 
Train despatching, 124 

operation. 111 

resistance, 192 
Trains, classification of, 114 

extra, movement, 115 

movement of, 114 

work, movement of, 116 
Transfer slip, style of, 371 

system, operation data, 370 

table, design for, 267 
Transfers, 365, 370 
Trestle work, 25 
Trolley. See Distribution. 
Trucks, 224 

Brill, 27-E-2, 228 

Brill, 27-E-3, 228 

inside hung motor, 227 

interurban, 227 

M. C. B. type, 226 

maximum, traction, 225 

movement of, in shops, 303 

outside hung motors, 225 

single, 225 

Water demand, per kw.-hr., 67 

pipes, capacity of, 68 
Weber rail joint, 51 
Wielding, electric, cost of, 62 
West Shore Railroad, catenary con- 
struction, 86-87 
Wheels, 330 

composition, 339 

cost of, 333 

dimensions, 339 

fianges, types, 338 

elevated road, 342 

handling of, 308, 315 

high speed, 332 

life of. 333 

grinding device, 276 

steel tires, 333 

tread, standard, 332 
Wrecking car, home-made, 312 

plank, 318 

wagon, 283 
equipment, 283 
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